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Tumor Necrosis Factor Receptor 5 

Field of the Invention 
Tne present invention relates to a novel human gene encoding a polypeptide which is a 
member of me TNF receptor famiK', and has now been found to bind TRAIL. More 
specifically, an isolated nucleic acid molecule is provided encoding a human polypeptide named 
tumor necrosis factor receptor-5, sometimes referred to as 'TNFRo" or and now 

referred to heremafter as "TRAIL receptor without intracellular domain" or 'TRID." TRJD 
polypeptides are also provided, as are vectors, host cells, and recombinant methods for 
producing the same. The invention further relates to screening methods for identif^qniz aizonists 
or antagonists of TRID polypeptide activity. Also provided are diagnostic and thcrapeuuc 
methods utilizing such composiuons. 

Related Art 

Many biological actions, for instance, response lo certain stimuli and natural bioio£iicai 
processes, are controlled by factors, such as cytokines. Many cytokines act through receptors 
by engaging the receptor and producing an intra-cellular response. 

For example, tumor necrosis factors (TNF) alpha and beta arc cytokines, which act 
through TNF receptors to regulate numerous biological processes, including protection aeainst 
infection and induction of shock and inflammatory disease. The TNF molecules belong to the 
"TNF-ligand" superfamily, and act together with their receptors or counter-ligands, the 'TNF- 
receptor" superfamily. So far, nine members of the TNF ligand superfamily have been 
identified and ten members of the TNF-receptor superfamily have been characterized. 

Among trie ligands. there are included TNF-a, lymphotoxin-a (LT-a, also known as 
TNF-P). LT-p iionnd in complex heterotrimer LT-a2-p). FasL. CD40L. CD27L. CD30L. 4- 
IBBL, OX40L and ner\'e growth factor TNGF). The superfainily of TNF receptors includes 
the p55TNF receptor, p75TNF receptor. TNF receptor-related protein, FAS antigen or APO-I, 
CD40, CD27. CD30, 4-lBB, OX40, low affinny p75 and NGF-receptor (Meager. A., 
Biologicals 22:291-295 (1S)94)). 

Many members of the TNF-ligand superfamily are expressed bv acdvated T-cclls. 
implying that they are necessary for T-cell mteraclions with other cell types which underlie cell 
ontogeny and functions. (Meager. A., supra). 

Considerable msight into the essential functions of several members of the TNF 
receptor family has been gained from the identification and creation of mutants that abolish the 
expression of these proteins. For example, naturally occurring mutations m the FAS antisien 
and Its ligand cause lymphoproliferative disease (Watanabe-Fukunaga, R. el ai. Nature 
556:314 (1992)j, perhaps reflecting a failure of programmed cell death. Mutations of the CD40 
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iigand caust aii X-linked immunodcficicncx stale chaiacienzed by high levels of 
immunogiobuiin M and low levels of inomunogiobulm G in plasma, indicating faulty T-cell- 
dependent B-cell activation (Alien, R.C. ct al^ Science 259:990 (1993;*). Targeted mutations 
of the low affinity ner\''c growth factor receptor cause a disorder characterized by faulty sensor}' 
innovation of peripheral structures (Lee. K.F. et al, Cell 69\1?>1 (1992)). 

TNF and LT-a are capable of binding to two TNF receptors (the 55- and 75-kd TNF 
receptors ). A large number of biological effects elicited by TNF and LT-a, acting through their 
receptors, include hemorrhagic necrosis of transplanted tumors, cytotoxicity, a role m 
endotoxic shock, inflammation, immunoregulation, proliferation and anti-viral responses, as 
well as protection against the deleterious effects of ionizing radiation. TNF and LT-a are 
involved in the pathogenesis of a wdde range of diseases, including endotoxic shock, cerebral 
malaria, tumors, autoimmune disease, AIDS and grafi-host rejection (Bemlcr, B. and Von 
Huffel, C, Science 26^:667-668 (1994)). Mutations in the p55 Receptor cause increased 
susceptibility to microbial infection, 

Moreover, an about 80 amino acid domain near the C-terrrunus of TNFR] (p55) and 
Fas was reported as the "death domain," which is responsible for transducing signals for 
programmed cell death (Tartaglia et uL, Cell 74:S45 (1993)). 

Apoptosis, or programmed cell death, is a physiologic process essential for the normal 
development and homeostasis of multicellulai" organisms (H. Stelier, Science 267, 1445-1449 

(1995) ). Derangements of apoptosis contribute to the pathogenesis of several human diseases 
including cancer, ncurodegeneratn-e disorders, and acquired immune deficiency syndrome 
(C.B. Thompson, Science 267, 1456-1462 (1995)). One mechamsm of immune mediated 
killing is the engagement of death receptors. Recently, much anention has focused on the 
signal transduction and biological function of two cell surface death receptors, Fas/APO-1 and 
TNFR-1 (J.L. Cleveland et al., Cell 81, 479-482 (1995); A. Fraser, et al.. Cell 85, 781-784 

(1996) ; S. Nagata er aL, Science 267, 1449-56 (1995)) Both are members of the TNF 
receptor family which also include TNFR-2, low affinity NGFR, CD40, and CD30. among 
others (C.A. Smith et aL, Science 248, 1019-23 (1990); M. Tewari et aL, m Modular Texts in 
Molecular and Cell Biology M. Purton, Heidm, Carl, Ed. (Chapman and Hall, London. 1995). 
While family members are defined by the presence of cysteme-rich repeats m their extraceiluiar 
domains. Fas/APO-l and TNFR-1 also share a region of inu-acelluia'* homology, appropriately 
designated the "death domain", which is distantly related to the Drosophila suicide gene, reaper 
(P. Golsiein. et aL, Cell 8L 185-186 (1995); K. White ei uL, Science 264, 677-83 (1994j). 
This shared death domain suggests that both receptors interact with a related set of signal 
transducing molecules that, until recently, remained unidentified. Activation of Fas/APO-1 
recruits the death domain-containmg adapter molecule FADD/MORTl (A.M. Chinnaiyan et aL, 
Cell SL 505-12 (1995); M. P. Boldin etaL, J. Biol Chem 270, 7795-8 (1995); F.C. Kischkel 
et aL, EMBO 14, 5579-558S (1995)). which m turn binds and presumably activates 

/ 
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FLICR/MACHL a member of the ICE/CED-? family oi pio-apoptoiic proica.scs (M. Miizio ei 
aL. Cell 85. 817^827 (1996); M.P. Bolclin etaL. Cell 85, 803-813 (1996)). While ihe central 
role of Fa6«/APO-l is lo trigger cell death. TNTR-1 can signal an array of diverse bioloeical 
aciivities-many of which stem from its ability to activate NF-kB TL.A. Tiirtaglia ei ai, Immunol 
Today J5, 151-3 (1992)). Accordingly, TNFR-1 recruits the multivalent adapter molecule 
TR.ADD, which hke FADD, also contains a death domain (H. Hsu et ai, Cell 81 ^ 495-504 
(1995); II. Hsu. et al. Cell 84. 299-308 (1996)). Through its associations with a number of 
signaling molecules including FADD, TR.AF2, and RIP, TRADD can signal both apoptosis and 
NF-kB activation (H. Hsu et ai, Cell 84, 299-308 (1996); H. Hsu, et al. Immunity 4. 387- 
396 (1996)). 

Recently, a new apoptosis -inducing TNF ligand has been discovered. S.R. Wilev el 
ai, Immunity 5.673-682 (1995) named the molecule - "TNF-relaicd apoptosis-mducing 
ligand" or simply "l^JLAIL." The molecule has also been called 'Wpo-l ligand" or '^ApO'2L." 
R.M. Piu eiai, J. Biol Chem. 277,12687-12690 (1996). This molecule was also disclosed 
in co-pending U.S. provisional application no. 60/013.405. For convenience, the molecule 
will be referred to herein as TRAIL. 

Unlike FAS ligand, whose transcripts appear to be largely restricted to stimulated T- 
cells, significant levels of TRAIL are detected in many human tissues (e.g., spleen, lung, 
prostate, thymus, ovary, small intestine, colon, peripheral blood lymphocytes, placenta, 
kidney), and is constilutively transcribed by some cell hnes. It has been shown that TRAIL acts 
independemly from the Fas ligand (Wiley et ai, supra). It has also been shown that TRAIL 
activates apoptosis rapidly, within a time frame that is similar to death signalling by Fas/Apo- 
IL, but much faster than TNF-induced apoptosis. S.A. Marsters et ai, Current Biologv 6, 
750-752 (1996). The inability of TRAIL to bind TNFR-L Fas. or the recently identified DR3, 
suggests that TRAIL may interact with a unique receptor(s). 

Several unique receptors for TRAIL have already been identified. In co-pendme U.S. 
provisional apphcation no. 60/035,722. DR4. a novel death domain containing receptor for 
TRAIL, was disclosed. See, Pan et ai. Science 276.111-113 (April 1997). The DR5 
receptor, the subject of co-pending U.S. provisional patent application 60/040,846 has now 
been shown to bind TRAIL. In co-pending U.S. provisional patent applicanon 60/050,936. it 
was predicted that the TRIO receptor would also bind TRAIL, owing to sequence homology 
with DR4. 

The effects of TNF family ligands and TNF family receptors are varied and influence 
numerous functions, both normal and abnormal, m the biologiccil processes of the mammalian 
system. There is a clear need, therefore, for identification characterization of such 
receptors and ligands that influence biological activity, both normally and m disease states. In 
particular, there is a need to isolate and characterize additional novel receptors that bind TRAIL 
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Summary of the Invention 

The present invention provides isolated nucleic acid molecules comprising a 
polynucleotide encoding the TRTD polypeptide having the arnino acid sequence shown in SEQ 
ID NO;2. or the amino acid sequence encoded by the cDNA clone deposited as ATCC DeposU 
5 Number 9779S on November 20, 1996. The nucleotide sequence determined by sequencing the 
deposited TRTD clone, which is shown in SEQ ID NO; 1 contains an open reading frame 
encoding a polypeptide of about 259 amino acid residues, with a leader sequence of about 26 
amino acids. 

The present invention also relates to recombinant vectors, which include the isolated 

10 nucleic acid molecules of the present invention, and to host cells contaimng the recombinant 
vectors, as well 'ds to methods of making such vectors and host cells and methods for using 
them for production of TRID polypeptides or peptides by recombinant techniques. 

The invention further provides an isolated TRID polypeptide having an ammo acid 
sequence encoded by a polynucleotide described herein. 

15 The present invention also provides diagnostic assays such as quantitative and 

diagnostic assays for detecdng levels of TRID protein. Thus, for instance, a diagnostic assay 
in accordance with the invention for detecting expression of TRID, or soluble form thereof, 
may be used to detect the ability of normal tissue to withstand or be protected from the 
deleterious effects of TRAIL, such as TRAIL-induced apoptosis. 

20 Tumor Necrosis Factor (TNF) family ligands are known to be among the most 

pleiotropic cytoJanes, inducing a large number of cellular responses, including cytotoxicity, 
anti-viral activity, immunoregulatory activities, and the transcriptional regulation of several 
genes. Cellular response to TNF- family ligands include not only normal physiological 
responses, but also diseases associated with increased apoptosis or the inhibition of apoptosis, 

25 Apoptosis - programmed cell death - is a physiological mechanism involved m the deletion of 
peripheral T lymphocytes of the immune system, and its dysregulation can lead to a number of 
different pathogenic processes. Diseases associated with increased cell survival, or the 
inhibition of apoptosis, include cancers, autoimmune disorders, viral infections, inflammation, 
graft vs. host disease, acute graft rejection, and chronic graft rejection. Diseases associated 

30 with increased apoptosis include AIDS, neurodegenerative disorders, myelodysplastic 
syndromes, ischemic injur\', toxm-mduced liver disease, septic shock, cachexia and anorexia. 

Thus, the invention further provides a method for enhancing apoptosis induced by a 
TNF-family ligand, such as TRAIL, w^hich involves administering to a cell which expresses the 
TRID polypeptide an effective amount of an antagonist capable of decreasing TRID's abilirv' to 

35 bind TRAIL. Preferably, TRID binding is decreased to treat a disease wherein decreased 
apoptosis is exliibited. 

In a further aspect, the present invention is directed to a method for enhancing apoptosis 
induced by a TNF-familv liizand, such as TRAIL, which involves administering to a cell an 
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effective amount of 'i^RlD or an agonist capable of increasing TRTD activuv. Preierably. THID 
activity is increased to txeat a disease wherein decreased apoptosis is exhibited. 

Whether any candidate "agonist" or "antagonist" of the present invention can enhance or 
inhibit apoptosis can be determined using art-known TNF- family hgand/receptor cellular 
response assays, mcluding those described m more detail below, Thus, in a further aspect, a 
screening method is provided for determining whether a candidate agonist or antagonist is 
capable of enhancing or inhibiting a cellular response to a TNF-family ligand, such as TR.\IL. 
The method involves contacting cells which co-expresses the TRID polypeptide and a second 
TNFR with a candidate compound and a TNF-family iigand (e.g., TRAIL), assaying a cellular 
response, and comparing the ceUular response to a standard cellular response, the standard 
being assayed when contact is made with the ligand m absence of the candidate compound, 
whereby an increased cellular response over the standard indicates that the candidate compound 
is a TRID antagonist and a decreased cellular response compared to the standard indicates that 
the candidate compound is TRID agonist. By the invention, a cell expressing the TNFR 
polypeptide can be contacted with either an endogenous or exogenously administered TNF- 
family ligand, such as TRAIL. 



Brief Description of the Figures 

Figure I shows the nucleotide sequence (SEQ ID NO:l ) and deduced amino acid 
sequence (SEQ ID NO:2) of TRID. 

Figure 2 shows an alignment created by the Clustal method using the Megaline 
program in the DNAstar suite comparing the amino acid sequences of TNFR-5 (now called 
"TRID"). with other TNF receptors, as follows; TNFRl (SEQ ID NO:3); TNFR2 (SEQ ID 
NO:4), NGFR(SEQIDNO:5) LTbR (SEQ ID NO:6): FAS (SEQ ID N0:7); CD27 (SEQ ID 
NO:8): CD30 (SEQ ID NO:9): CD40 (SEQ ID NO: 10); 4- IBB (SEQ ID NO:ll ); OX40 
(SEQIDNO;12j; VC22 (SEQ ID NO: 13j: and CRMB (SEQ ID NO: 14). 

Figure 3 shows an analyses of the TRID ammo acid sequences. Alpha, beta, turn and 
coil regions; hydrophilicity and hydrophobicity: amphipathic regions; flexible regions; anugemc 
index and surface probability are shown. In the "Antigenic Index - Jameson-Wolf graphs, the 
indicate location of the highly antigenic regions of the proteins, i.e., regions from which 
epitope -bearing peptides of the invention may be obtained. 

Figure 4 shows the nucleotide sequence of gene fragments related to the TRID gene of 
the present invention, including: HPRCB54R (SEQ ID NO: 15j. HSJAU57RA (SEQ ID 
NO: 16), HELBP70R (SEQ ID NO: 17), and HUSCB54R (SEQ ID NO: 18) all of which are 
related to SEQ ID NO:L 

Figure 5A is an immunoblot showing that TRID-Fc (as well as DR4 and DR5) 
specifically bound TRAIL, but not the related cvtotoxic lieand TNFa. The bottom panel o^Fic^ 

r 
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5A shows iliL^ input Fc-fusions present in the bincimi: assays. Fi^'ure 5B is a bar craph 
showing that TRID-Fc blocked the ability of TR.\1L to induce apoptosis. The data (mean ± 
SD) shown in Fig. 5B are the percentage of apoptoiic nuclei among total nuclei counted ( n=4 ). 
Figure 5 C is a bar graph showing that TRID-Fc had no effect on TNFa-induced apoptosis 
under conditions where TNFRl^Fc completely abolished TNFa killing. 

Figure 6 is a bar graph showing that MCF7 cells expressing TRID were protected 
from TRAEL-induced apoptosis, as were cells expressing the viraiiy encoded caspase inhibitor 
CrmA. 

Detailed Description of the Preferred Embodiments 

The present invention provides isolated nucleic acid molecules compnsms a 
polynucleotide encoding a TRID polypeptide, having the amino acid sequence shown in Figure 
1 (SEQ ID NO;2), which was determined by sequencing a cloned cDNA. The nucleotide 
sequence shown in Figure 1 (SEQ ID NO: 1 ) was obtained by sequencing the HPRCB54 clone, 
which was deposited on November 20, 1996 at the American Type Culture Collection, 12301 
Park Lawn Drive. Rockville, Mar>dand 20852, and given accession number ATCC 97798. 
The deposited clone is inserted in the pBluescript SK(-) piasrmd (Stratagene, La Jolla, CA). 

The TRID protein of the present invention has an amino acid sequence which is 21.7% 
identical to and shares multiple conserved cysteine rich domains with the translation product of 
the human ner^^e growth factor (hNGF) mRNA (SEQ ID NO:5) as illustrated in Figure 2. 
hNGF is thought to play an important role in the development, survival, apoptosis and function 
of neurons (Lee. F.K. et aL, Cell 69:737) and lymphocytes (Torcia, M. et al. Cell 85:3369 
(1996)). 

Sequence alignment and comparison reveal that TRID's extracellular cysteme-rich 
domain to be strikingly similar to the corresponding domains of both DR4 and DR5 wilh 69% 
and 52% amino acid identity, respectively. In addition, like DR4 and DR5, TRID was also 
tound to be homologous to the cysteme-rich domain m CARL a chicken TNF receptor family 
member with amino acid identities ranging from 42-48% (1. Brojatsh et al., Cell 87: 1 (1996). 
A potential protective role for TRID was suggested by the finding that its transcript was 
detectable m many normal human tissues but not in most transformed cell lines. 

TRID has an extracellular TR.A1L binding domain and a transmembrane domain but. 
surprismgJy, lacks a putative intracellular signalling domain, m keeomg with the possibility that 
this receptor docs not signal following iigand binding. Given the absence of an mtracellular 
domain, this receptor was termed 'TRID" for TRAIL Receptor Without an Intracellular 
Domain. 

C 
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Nucleic Acid Molecules 

Unless otherwise indicated, all nucleotide sequences detemuned by sequencing a DNA 

molecule herein were determined using an automated DNA sequencer ( such as the Model 373 
from Applied Biosystems, Inc., Foster City, CA). and all aimno acid sequences of 
polypeptides encoded by DNA molecules determined herein were predicted by translation of a 
DNA sequence determined as above. Therefore, as is known in die art for any DNA sequence 
determined by this automated approach, any nucleotide sequence determined herein may 
contain some errors. Nucleodde sequences determined by automation are typically at least 
about 90% idenncal, more typically at lea^st about 95% to at least about 99.9% idenucal to the 
actual nucleotide sequence of the sequenced DNA molecule. The actual sequence can be more 
precisely determined by other approaches including manual DNA sequencing methods well 
known in the art. As is also known in the art. a single insertion or deletion in a determined 
nucleotide sequence compared to the actual sequence will cause a frame shift in translation of 
the nucleotide sequence such that the predicted amino acid sequence encoded by a detennined 
nucleotide sequence will be completely different from the amino acid sequence actually encoded 
by the sequenced DNA molecule, beginning at the point of such an insertion or deletion. 

By "nucleodde sequence" of a nucleic acid molecule or polynucleotide is intended, for a 
DNA molecule or polynucleotide, a sequence of deoxyribonuclcotides, and for an RNA 
molecule or polynucleotide, the corresponding sequence of ribonucleotides (A, G, C and Uj, 
where each thymidine deoxyribonucieotide (T) in the specified deoxyribonuclcotide sequence is 
replaced by the ribonucleotide uridine (U). 

Using the information provided herein, such as the nucleotide sequence set out m SEQ 
ID NO: 1, a nucleic acid molecule of the present invention encoding a TRID polypeptide may be 
obtained using standard cloning and screemng procedures, such as those for cloning cDNAs 
using mRNA as starting material. Illustrative of the invention, the TRID nucleic acid molecule 
described m SEQ ID N0:1 was discovered in a cDNA library derived from prostate tissue. 
Additional clones of the same gene were also identified in cDNA libraries from the following 
tissues: endothelial cells, stimulated monocytes, and keronnocytes. 

The determined nucleotide sequence of the TRID cDNA of SEQ ID NO:l contains an 
open reading frame encoding a protein of about 259 amino acid residues, with an inidation 
codon at nucleotide posuions 183-185 of the nucleotide sequences in Figure 1 fSEQ ID N0:1), 

The open reading frame of the TRID gene shares sequence homology with the 
translation product of the human mRNA for NGFR. including the following conser\^ed 
domains: (a) a soluble extracellular domain of about 214 amino acids (residues 27-240 of 
Figure 1 j; and (b) a transmembrane domain of about 19 amino acids (residues 241-259 of 
Figure 1 ). 

As one of ordinary^ skill would appreciate, due to the possibility of sequencing errors 
discussed above, the acoial complete TRID polypepude encoded by the deposited cDNAs, 
which comprise anout 259 amino acids, may be somewhat lonser or shorter. More i^enerall} . 
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the actual open reading frames may be anywhere in the range of ±20 amino acicis, more hkely 
in the range of ±10 amino acids, of that predicted from the first methionine codon from the N- 
terminus shown in SEQ ID NO;L which is m-frame with the translated sequences shown in 
each respective figure. It w^ili further be appreciated thai, depending on the analytical critena 
used for identifying various functional domains, the exact "address" of the extracellular and 
Uansmembrane domain(sj of the TNFR polypeptides may differ slightly from the predicted 
positions above. For example, the exact location of the extracellular domain in SEQ ED NO:2 
may vajy- slightly (e.g., the address may "shift** by about 1 to about 20 residues, more likely 
about 1 to about 5 residues) depending on the cntena used to define the domain. In this case, 
tl^ie beginning of the transmembrane domain and the end of the cxtraceiiuiar domain were 
predicted on the basis of the identification of the hydrophobic ammo acid sequence in the above 
indicated positions, as shown in Figure 5. In any event, as discussed further belou', the 
invention further provides polypeptides having various residues deleted from the N-ierminus of 
the complete polypeptide, including polypeptides lacking one or more amino acids from the 
N-terrmnus of the extracellular domain described herein, which constitute soluble forms of the 
extracellular domain of the TRTD protein. 

Leader and Mature Sequences 

The amino acid sequence of the TRID protein includes a leader sequence and a mature 
protein, as shown in SEQ ID NO:2. More in particular, the present invention provides nucleic 
acid molecules encoding mature forms of the TRID protein. Thus, according to the signal 
hypothesis, once export of the growing protein chain across the rough endoplasmic reticulum 
has been initiated, proteins secreted by mammalian cells have a signal or sccretor>' leader 
sequence which is cleaved from the complete polypeptide lo produce a secreted "mature" form 
of the protein. Most mammalian cells and even insect cells cleave secreted proteins with the 
same specificity. However, in some cases, cleavage of a secreted protein is not entirely 
uniform, which results in two or more mature species of the protein. Further, it has long been 
known that the cleavage specificity of a secreted protein is ultimately determined by the primary 
stmcture of the complete protein, that is, it is inherent in the amino acid sequence of the 
polypeptide. Therefore, the present invention provides a nucleotide sequence encoding a 
mature TRID polypeptide having the amino acid sequence encoded by a cDNA clone identified 
as ATCC Deposit No. 97798. By the "mature TRID polypeptide having the amino acid 
sequence encoded by a cDNA clone in ATCC Deposit No. 97798*" is meant the mature form(si 
of the protein produced by expression m a mammalian cell (e.g.. COS cells, as descnbed 
below^) of the complete open reading frame encoded by the human DNA sequence of the clone 
contained in the aeposited plasmid. 

In addition, methods for prcdictmg whether a protein has a secretor>^ leader as wcU as 
the cleavage point for that leader sequence are available. For instance, the method of McGeoch 
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(ViriLs Res. 5:271-286 (1985!) uses the iniorniauon from a short N-tcrmmal charged resion 
and a subsequent uncharged region of the complete (uncicaved) proteni. The method of von 
Heinje (Nucleic Acids Res. 74:4683-4690 (1986)) uses the mformation from the residues 
surroundmg the cleavage sue, typically residues -13 to +2 where +] indicates the amino 
terminus of the mature protein. The accuracy of predicting the cleavage points of known 
mammalian secretory proteins for each of these methods is in the range of 75-80% (von Heinje. 
supra). However, the two methods do not always produce the same predicted cleavase 
point(s) for a given protein. 

In the present case, the deduced amino acid sequence of the complete TRID polypepude 
was analyzed by a computer program "PSORT." Sec, K. Nakai and M. Kanehisa, Genomics 
74:897-91 1 (1992). PSORT is an expert system for predicting the cellular location of a protein 
based on the amino acid sequence. As pan of this computational prediction of localization, the 
methods of McGeoch and von Hemje are mcorporated. The analysis by the PSORT proeram 
predicted the cleavage sites between ammo acids -1 and 1 in SEQ ID NO:2. Thereafter, the 
complete ammo acid sequences were further analyzed by visual inspection, applying a simple 
form of the (-1,-3 ) rule of von Hemje. von Heinje, supra. Thus, the leader sequence for the 
TRID protein is predicted to consist of amino acid residues from about 1 to about 26, 
underlined in Figure 1 (corresponding to about -26 to about -1 in SEQ ID NO:2), while the 
mature TRID protein is predicted to consist of residues from about 1 to about 233 in SEQ ID 
NO:2. 

As one of ordinary skill would appreciate, due to the possibilities of sequencing errors, 
as well as the variability of cleavage sites for leaders in different known proteins, the mamre 
TRID polypeptide encoded by the deposited cDNA comprises about 233 amino acids, but may 
be anywhere in the range of about 223 to about 243 ammo acids, and the predicted leader 
sequence of this protein is about 26 amino acids, but may be anywhere in the range of about 16 
to about 36 ammo acids. 

As indicated, nucleic acid molecules of the present invention may be in the form of 
RNA, such as mRNA, or in the form of DNA, including, for instance, cDNA and eenomic 
DNA obtained by cloning or produced synthetically. The DNA may be double-stranded or 
single-stranded. Single-stranded DNA or RNA may be the coding strand, also known as the 
sense strand, or it may be the non-codmg strand, also referred to as the anti-sense strand. 

By "isolated" nucleic acid molecule(s) is intended a nucleic acid molecule, DNA. or 
RNA. winch has been removed from its native environment. For example, recombinant DNA 
molecules contamed m a vector aie considered isolated for the purposes of the present 
mvenuon. Further examples of isolated DNA molecules include recombinant DNA molecules 
maintained in heterologous host cells or purified (partially or substantially) DNA molecules in 
solution. Isolated RNA molecules include in vivo or in vitro RNA transcripts of the DNA 
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molecules of the present invention. Isolated nucleic acid moiecules accordmg to the present 
in%'cntion further mclude such molecules produced synthetically. 

Isolated nucleic acid molecules of the present invention include DNA molecules 
composing an open reading frame (ORF ) shown m SEQ ID NO: 1 ; DNA molecules comprising 
the coding sequence for the mature TRTD protem; and DNA molecules which comprise I 
sequence substantially different from those described above, but which, due to the de-eneracy 
of the genetic code, still encode the TRID protem. Of course, the genetic code is well known in 
the art. Thus, it would be routine for one skilled in the art to generate such degenerate 
variants. 



In addition, the invention provides nucleic acid molecules having nucleotide sequences 
related to extensive ponions of SEQ ID NO: 1 , which have been determined from the followmg 
related cDNA clones: HELBP70R (SEQ ID NO: 1 7), HPRCB54R (SEQ ID NO:15)i 
HSJAU57RA (SEQ ID NO: 16) and HUSCB54R (SEQ ID NO: 18). The nucleotide sequences 
of each of these gene fragments is shown in Figure 4. 

In another aspect, the invention provides isolated nucleic acid molecules encodms the 
TRID polypeptide having an ammo acid sequence as encoded by the cDNA clone contained in 
the plasmid deposited as ATCC Deposit No. 97798. In a further embodiment, nucleic acid 
molecules are provided that encode the mature TRID polypeptide or the full length TRID 
polypeptide each lacking the N-lemiinal methionine. 

Tlie invention further provides an isolated nucleic acid molecule having the nucleotide 
sequence shown in SEQ ID NO:l or the nucleotide sequence of the TRID cDNA contained in 
the above-described deposited clone, or a nucleic acid molecule having a sequence 
complementar>' to one of the above sequences. Such isolated molecules, particularly DNA 
molecules, are useful as probes for gene mapping, by m situ hybridizauon with chromosomes, 
and for detecting expression of the TRID gene in human tissue, for instance, by Northern blot 
analysis. 

The present invention is further directed lo fragments of the isolated nucleic acid 
molecules described herein. By a fragment of an isolated nucleic acid molecule having the 
nucleotide sequence of the deposited cDN A or the nucleotide sequence shown in SEQ ID NO: 1 
IS intended fragments at least about 15 nt. and more preferably at least about 20 nt, still more 
preferably at least about 30 nt, and even more preferably, at least about 40 nt in length which 
are useful as diagnostic probes and primers as discussed herein. Of course, larger fraaments 
50-300 nt, or even 600 nt in length ai-e also useful according to the present invention as are 
fragments corresponding to most, if not all, of the nucleotide sequence of the deposited cDNA 
or as shown m SEQ ID NO; 1 . By a fragment at least 20 nt in length, for example, is intended 
fragments which include 20 or more contiguous bases from the nucleotide sequence of a 
deposited cDNA or the nucleotide sequence as shown in SEQ ID NO* I 
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Preferred nucleic acid fragmenis of the present invention include nucleic acid molecules 
encoding; epitope-beanng ponions of the TWO polypeptide as luenufied in Figure 3 and 
described m more detail below. 

in paiiicuiar, the invention provides poiynucleotides having a nucleotide sequence 
representing the portion of SEQ ID NO:l, which consist of positions 183-959 of SEQ E) 
NO;l. .AJso contemplated are polynucleotides encoding TRID polypeptides which lack an 
amino terminal methionine. One such preferred polynucleotide has a nucleotide sequence 
representing the portion of SEQ ID NO:l which consists of positions 186-959. Polypeptides 
encoded by such polynucleotides are also provided, such polypeptides comprising an amino 
acid sequence at positions 2-259 of SEQ ID NO:2, or the polypeptide sequence encoded by the 
clone deposited with the ATCC as Deposit No. 97798 lacking an amino terminal methionine. 

Preferred nucleic acid fragments of the present invention include nucleic acid molecules 
encoding; a polypeptide comprising the TRID extracellular domain (amino acid residues from 
about 27 to about 240 m FIG. 1 (from about 1 to about 214 m SEQ ID NO:2)); and a 
polypepude comprising the TRID transmembrane domain (amino acid residues from about 241 
to about 259 in FIG. 1 (from about 215 to about 233 in SEQ ID N0:2) ). Since the location of 
these domains have been predicted by computer graphics, one of ordinary skill would 
appreciate that the amino acid residues constituting these domains may vary slightly (e.g., by 
about 1 to 15 residues) depending on the criteria used to define each domain. 

Preferred nucleic acid fragments of the invention encode a full-length 
TRID polypeptide lacking the nucleotides encoding the amino-terminal methionine (e.g., 
nucleotides 186-959 m SEQ ID NO:l) as it is known that the metliiomne is cleaved naturally 
and such sequences maybe useful in genetically engineering TRID expression vectors. 
Polypeptides encoded by such polynucleotides are also contemplated by the invention. 

Preferred nucleic acid fragments of the present invenuon further include nucleic 
acid molecules encoding epitope-bearing portions of the TRID protein. In particular, such 
nucleic acid fragments of the present invention include nucleic acid molecules encoding: a 
polypeptide comprising amino acid residues from about Gln-42 to about Glu-52 m Figure 1 
(about Gin- 16 to about Glu-26 in SEQ ID NO:2); a polypeptide comprising ammo acid residues 
from about His-58 to about Cys-66 in Figure 1 (about Hiso2 to about Cys-40 m SEQ ID 
NO:2); a polypeptide comprising amino acid residues from about Pro-68 to about Thr-76 in 
Figure I fabout Pro-42 to about Thi--50 in SEQ ID NO:2); a polypeptide comprising armno acid 
residues from about Ser-79 to about Cys-85 in Figure 1 (about Scr-53 to about Cys-59 in SEQ 
ID NO:2j: a polypeptide comprising amino acid residues from about Cys-91 to about Thr-102 
in Figure 1 (about Cys-65 to about Thr-76 in SEQ ID NO:2); a polypeptide comprisincr amino 
acid residues from about Gin- 1 10 to about Pro- 122 in Figure 1 (about Gln-84 to about Pro-96 
in SEQ ID NO:2j: a polypeptide comprismg ammo acid residues from about Arg-126 to about 
Val-136 in Figure I (about Arg-lOO to about Val-IlO in SEQ ID NO:2)- and a polypeptide 
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compnsing amino acid residues from about Thr-142 to about Giu-148 in Figure 1 (about Thr- 
116 to about Giu-122 m SEQ ID NO:2 i, The inventors hax'e determined that the aoove 
polypeptide fragments aie antigenic regions of the TRTD protein Methods for determining 
other such epitope-bearing pomons of the TRID protein are described in detail below. 

In another aspect, the invention provides an isolated nucleic acid molecule comprismg a 
polynucleotide which hybridizes under sinngent hybridization conditions to a portion of the 
polynucleotide in a nucleic acid molecule of the invention described above, for instance, a 
cDNA clone contained m ATCC Deposit No. 97798. By ' stringent hybridization conditions" 
IS intended overnight incubation at 42" C in a solution comprising: 50% formamide, 5x SSC 
(150 mM NaCi, 15 mM trisodium curate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's 
solution, 10% dextran sulfate, and 20 jLig/ml denatured, sheared salmon sperm DNA, followed 
by washing the filters in 0. Ix SSC at about 65° C. 

By a poiynuclcotide which hybridizes to a "ponion" of a polynucleotide is intended a 
polynucleotide (either DNA or RNA ) hybridizing to at least about 15 nucleotides (nt), and more 
preferably at least about 20 nt, still more preferably at least about 30 nt, and even more 
preferably about 30-70 (e.g., 50j nt of the reference polynucleotide. These are useful as 
diagnosuc probes and primers as discussed above and in more detail below. 

By a ponion of a polynucleotide of "at least 20 nt in length/' for example, is intended 
20 or more contiguous nucleotides from the nucleotide sequence of the reference polynucleoude 
(e.g., a deposited cDNA or the nucleotide sequence as shown m SEQ ID NO: 1 ). Of course, a 
polynucleotide which hybridizes only to a poly A sequence (such as the 3' terminal poly(A) 
tract of the TRID cDNA shown in SEQ ID NO:l ), or to a complementar>' stretch of T (or U) 
residues, would not be included in a polynucleotide of the invention used to hybridize to a 
portion of a nucleic acid of the invention, since such a polynucleotide would hybridize to any 
nucleic acid molecule containing a poly (A) stretch or the complement thereof (e.g.. practically 
any double-stranded cDNA clone ). 

As indicated, nucleic acid molecules of the present invention which encode a TRTD 
polypeptide may include, but are not limited to the coding sequence for the mature polypeptide, 
by itself: the coding sequence for the mature polypeptide and additional sequences, such as 
those encoding a leader or secretary sequence, such as a pre-, or pro- or prepro- protein 
sequence: the coding sequence of the mature polypeptide, with or without the aforementioned 
additional coding sequences, together with additional, non-codmg sequences, including for 
example, hut not hmited to introns and non-codmg 5' and 3' sequences, such as the 
transcribed, non-translated sequences that play a role in transcription, mRNA processing - 
mcluding splicing and polyadenylation signals, for example - ribosomc binding and stabiliiy of 
mRNA: additional coding sequence which codes for additional amjno acids, such as those 
which provide additional functionaluies. Thus, for instance, the polypeptide may be fused to a 
marker sequence, such as a peptide, which facihtates purification of the fused polypeptide In 
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certain preferred embodiments of this aspect of the invention, the marker sequence is a hexa- 
histidme peptide, such as the tag provided in a pQE vector (Qiagen. Inc.). among others, many 
of which are commercially available. As described in Gentz et aL, Froc. Natl Acad. Sci 
USA 86: 821-824 (1989), for mslance, hexa-iiisLidine provides for convenient punficatjon of 
the fusion protein. The ''RA^ tag is another pepnde useful for punfication which corresponds 
lo an epitope derived from the influenza hemagglutimn protem, which has been descnbed by 
Wilson et uL Cell 57:767 -778(1984). As discussed below, other such fusion protems 
include the TRID receptor fused to Fc at the N> or C- terminus. 



Variant and Mutant Polynucleotides 

The present invention funher relates to variants of the nucleic acid molecules of the 
present invention, which encode ponions, analogs, or denvatives of the TRID receptor. 
Variants may occur naturally, such as a natural allelic variant. By an "aJlclic variant" is 
intended one of several alternate forms of a gene occupying a given Jocus on a chromosome of 
an organism. Genes 11, Lewm, B., ed.. John Wiley & Sons, New York (1985). 
Non-naturaliy occurring variants may be produced using art-known mutagenesis techniques. 

Such variants include those produced by nucleotide substitutions, deletions or 
additions. The substitutions, deletions or additions may involve one or more nucleotides. The 
variants may be altered in coding regions, non-coding regions, or both. Alieradons in the 
coding regions may produce conservauve or non-conserv^adve amino acid substitutions, 
deletions or addiuons. Especially preferred among these are silent substitutions, additions and 
deletions, which do not alter the properties and activities of the TRID polypeptide or portions 
thereof. Also especially preferred in this regard are conservative substitutions. 

Further embodiments of the invention include an isolated nucleic acid molecule 
comprising a polynucleotide having a nucleotide sequence at least 90% identical and more 
preferably at least 95%, 96%, 97%, 98% or 99% idendcal to: (a) a nucleoude sequence 
encoding the polypeptide having the amino acid sequence in SEQ ID NO:2; (b) a nucleotide 
sequence encoding the polypepdde having the amino acid sequence in SEQ ID NO:2, but 
lacking the ammo tennmal methionine; (c) a nucleotide sequence encoding the polypeptide 
having the ammo acid sequence at positions about 1 to about 233 m SEQ ID N0:2; (d) a 
nucleotide sequence encoding the polypeptide having the ammo acid sequence encoded by the 
cDNA clone contained in ATCC Deposit No. 97798; (e) a nucleotide sequence encoding the 
mature TRID polypeptide having the aimno acid sequence encoded by the cDNA clone 
contained in ATCC Deposit No. 97798: (f) a nucleodde sequence that encodes the TRID 
extracellular domain having the aimno acid sequence at positions about 1 to about 214 m SEQ 
ID NO:2, or the TRID extracellular domain encoded by the cDNA contained in ATCC Deposit 
No. 97798; (g) a nucleotide .sequence that encodes the TRID transmembrane domain havin^^ the 
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amino acid sequence at Dosiiions about 215 to about 233 of SEQ ID NO:2, or ihc TRID 
transmembrane domain encoded by the cDNA contained in ATCC Deposit No. 97798; and (h) 
a nucleotide sequence complementary to any of the nucleotide sequences m (a), (b), (c), (d), 
(e), (f), or (g) above. 

Further embodiments of the invention include isolated nucleic acid molecules that 
compnse a polynucJeotide which hybridizes under stnngent hybndizatjon conduions to a 
poiynucleoude in (a), (b). (c), (d), (e), (fj, (g) or (h) above. This polynucleotide which 
hybridizes does not hybridize under stnngent hybridization conditions to a polynucleotide 
having a nucieodde sequence consisting of only A residues or of only T residues. An 
additional nucleic acid embodiment of the invendon relates to an isolated nucleic acid molecule 
comprising a polynucleotide which encodes the amino acid sequence of an epitope-bcanns 
portion of a TRID polypeptide having an amino acid sequence in (a), (b). (c), (d), (e), (f ) or (g) 
above. 

By a polynucleotide having a nucleotide sequence at least, for example, 95% "identical" 
to a reference nucleotide sequence encoding a TRID polypeptide is intended diat the nucleotide 
sequence of the polynucleotide is identical to the reference sequence except that the 
polynucleotide sequence may include up to five point mutations per each 100 nucleoddes of the 
reference nucieodde sequence encoding the TRID polypepude. In other words, to obtain a 
polynucleotide having a nucleotide sequence at least 95% identical to a reference nucieodde 
sequence, up to 5% of the nucleoddes in the reference sequence may be deleted or substituted 
with another nucleotide, or a number of nucleoddes up to 5% of the total nucleoddes in the 
reference sequence may be insened into the reference sequence. These mutations of the 
reference sequence may occur at the 5' or 3' temiinal positions of the reference nucleotide 
sequence or anywhere between those terminal posidons, interspersed either individually amons 
nucleoddes in the reference sequence or in one or more conuguous groups w^ithin the reference 
sequence. 

As a pracucal matter, whether any particular nucleic acid molecule is at least 90%, 95%, 
96%, 97%, 98%' or 99% idendcal to, for instance, the nucleotide sequence shown in SEQ ID 
NO:l, or to the nucieodde sequence of the deposited cDNA done can be determined 
conventionally using known computer program.s such as the Bestfit program Wisconsin 
Sequence .Analysis Package, Version 8 for Unix, Genedcs Computer Group, University 
Research Park. 575 Science Drive, Madison, Ml 537 IJ). Bestfit uses the local homology 
algorithm of Smith and Waterman, Advances m Apphed Mathcmadcs 2:482-489 (1981). to 
find the best segment of homology between two sequences. When using Bestfit or any other 
sequence alignment program to deicrmine whether a pajiiculai" sequence is. for instance, 95% 
identical to a reference sequence according to the present invention, the paraineters are set. of 
course, such that the percentage of idcntirv' is calculated over die full length of the reference 
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nucleotide sequence and that gaps in homology of up to 5^c of tne total nunnber of nuclcoucles 
in the reference sequence are allowed. 

The present application is drrected to nucleic acid molecules at least 90%, 95%, 96%, 
97%, 98% or 99% identical to a nucleic acid sequence shown in SEQ ID NO;l, or to the 
nucleic acid sequence of the deposited cDNA, irrespecdve of whether they encode a 
polypeptide having TRID activity. This is because even where a particular nucieic acid 
molecule does not encode a polypeptide having TRID activity, one of skill m the an would still 
know how to use the nucleic acid molecule, for instance, as a hybridization probe or a 
polymerase chain reaction (PCR) primer. Uses of the nucleic acid molecules of the present 
invention that do not encode a polypeptide having TRID activity include, inter alia: {\ \ isolating 
a TRID gene or allelic variants thereof in a cDNA Ubrary; (2) in situ hybridization (e.g., 
"FISH") to mctaphase chromosomal spreads to provide precise chromosomal location of the 
TRID gene, as described in Veima et aL, Human Chromosomes; A Manual of Basic 
Techniques, Pergaraon Press, New York (1988); and Nonhem Blot analysis for detecting 
TRID mRNA expression in specific tissues. 

Preferred, however, are nucleic acid molecules having sequences at least 90%, 95%, 
96%, 97%, 98% or 99%^ identical to a nucieic acid sequence shown m SEQ ID NO:l, or to the 
nucleic acid sequence of the deposited cDNA which does, in fact, encode a polypeptide having 
TRID receptor activity. By "a polypeptide having TRID receptor activity" is intended 
polypeptides exhibiting activity similar, but not necessarily identical, to an activity of the TRIP 
receptor of the invendon (either d:ie full length protein or preferably the mature protein or 
extracellular domain alone), as measured in a particular biological assay. The TNF family 
ligands (including TRAIL) induce various cellular responses by binding to TNF-family 
receptors, including the TRID of the present invention. Cells which express TIUD are believed 
to have a potent cellular response to ligands including TRAIL. By a "cellular response to a 
TNF-family ligand'' is intended any genotypic, phenotypic, iind/'or morphological change to a 
cell, cell line, tissue, tissue culture or pauent that is induced by a TNF-family ligand. As 
indicated, such cellular responses include not only normal physiological responses to TNF- 
family ligands, but also diseases associated with increased celi prohferation or the inhibition of 
increased cell proliferation, such as by the inhibinon of apoptosis. 

Of course, due to the degeneracy of the genetic code, one of ordinary skill m the art will 
immediately recognize that a large number of the nucleic acid molecules having a ,sequence at 
least 90%, 95%c, 96%. 97%, 98%c. or 99% identical to the nucleic acid sequence of a deposited 
cDNA or the nucleic acid sequence shown in SEQ ID NO:l will encode a polypeptide "havine 
TRID protein acuvity." In fact, since degenerate variants of these nucleotide sequences all 
encode the same polypeptide, this will be clear to the skilled artisan even without performing 
the above described comparison assay. Ir will be further recogmzed in the art that, for such 
nucleic acid molecules that are not deceneratc variants, a reasonable number will also encode a 
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polypeplicie having TRID protein activity. This is because tlie skilled anisan is fully a\v:ire of 
amino acid substitutions that aie either less likely or not likely to significantlv effect protein 
function (e.g., replacing one aliphatic amino acid with a second aliphatic amino acid), as funher 
described below. 

Vectors and Host Cells 

The present invention also relates to vectors which include the isolated DNA molecules 
of the present invention, host cells which are geneticaJly engineered with the recombinant 
vectors of the invention and the production of TRID polypeptides or fragments thereof by 
recombinant techniques. 

The polynucleotides may be joined to a vector contaimng a selectable marker for 
propagation in a host. Generally, a piasmid vector is introduced in a precipitate, such as a 
calcium phosphate precipitate, or m a complex with a charged lipid. If the vector is a virus, it 
may be packaged in vitro using an appropriate packaging ceil line and then transduced into host 
cells. 

The DNA insen should be operatively linked to an appropnate promoter, such as the 
phage lambda PL promoter, the E. call lac. rrp and tac promoters, the SV40 early and late 
promoters and promoters of retroviral LTRs, to name a few. Other suitable promoters will be 
known to the skilled artisan. The expression constmcts will further contain sues for 
transcription initiation, termination and, in the transcribed region, a ribosome binding site for 
translation. The coding portion of the mature transcripts expressed by the constmcts will 
preferably include a translation initiating at the beginning and a teimination codon fUAA, UGA 
or UAG) appropriately positioned at the end of the polypeptide to be translated. 

As indicated, the expression vectors will preferably include at least one selectable 
marker. Such markers include dihydrofolate reductase or neomycin resistance for eukaryotic 
cell culture and tetracychne or ainpicillin resistance genes for culainng m E. coli and other 
bacteria. Representative examples of appropriate hosts include, but are not limited to, bactenaJ 
cells, such as E. coli, Streptomyces and Salmonella typhimuriuiv cells; fungal cells, such as 
yeast cells: insect cells such as Drosophiki 32 and Spodopiera Sf9 cells; animal cells such as 
CHO, COS and Bowes melanoma cells; and plant cells. Appropnate culture mediums and 
conditions for the above-described host cells are known in the art. 

Among vectors preferred for use in bacteria include pQE70, pQE60 and pOE-9. 
available from Qiagen: pBS vectors. Phagescnpt vectors. Biuescript vectors, pNH8A. 
pNH16a, pNHlSA, pNH46A, available from Stratagenc; and ptrc99a, pKK223-3, 
pKK233-3, pDR540, pRrr5 available from Pharmacia. Among preferred eukaryotic vectors 
are pWLNEO. pSV2CAT, pOG44, pXTl and pSG available from Stratagene; and pSVK3, 
pBPV, pMSG and pSVL available from Pharmacia. Other suitable vectors wull be readilv 
apparent to the skilled artisan. 
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Iniroducuon of the construct into the liosl cell can be effected by calcium phosphate 
transfcction, DEAE-dexlran mediated transfection, cationic lipid-mediated transfection, 
electroporation, transduction, infection or other methods. Such methods are described m many 
standard laboratory manuals, such as Davis ct al, Basic Methods In Molecular Biology (1986). 

The polypeptide may be expressed in a modified form, such as a fusion protem, and 
may include not only secretion signals but aJso additional heterologous functional recrions. 
Thus, for instance, a region of additional ammo acids, particularly charged amino acids, may 
be added to the N-termmus of the polypeptide to improve stabiliry and persistence in the host 
cell, during purification or during subsequent handling and storage. Also, peptide moieties 
may be added to the polypeptide to facilitate purification. Such regions may be removed prior 
to final preparation of the polypeptide. The addition of peptide moieties to polypeptides to 
engender secretion or excretion, to improve stability and to facilitate purification, among others, 
are familiar and routine techniques in the art. A preferred fusion protein comprises a 
heterologous region from immunoglobulin that is useful to solubilize proteins. For example, 
EP-A-O 464 533 (Canadian counteipart 2045869) discloses fusion proteins comprising various 
portions of constant region of immunoglobin molecules together with another human protem or 
part thereof In many cases, the Fc part in a fusion protein is thoroughly advantageous for use 
tn therapy and diagnosis and thus results, for example, in improved pharmacokinetic propenies 
(EP-A 0232 262). On the other hand, for some uses, it would he desirable to be able to delete 
the Fc part after the fusion protein has been expressed, detected and purified in the 
advantageous manner described. This is the case when the Fc portion proves to be a hindrance 
to u.se in therapy and diagnosis, for example, when the fusion protein is to be used as an 
antigen for immunizations. In drug discovery, for example, human proteins, such as the 
hIL5-recepior, have been fused with Fc portions for the purpose of high-throughput screening 
assays to identif\' antagonists of hlLo. See, D. Bennett et ai. Journal of Molecular 
Recognition 8:52-58 (1995) and K. Johanson er ai. The Journal of Biological Chcmisiry^ 
270:16:9459-9471 (1995). 

The TRID receptor can be recovered and purified from recombinant cell cultures by 
well-known methods including ammonium sulfate or ethanol precipitation, acid extraction, 
anion or cation exchange chromatography, phosphocellulosc chromatography, hydrophobic 
interaction chromatography, affinity chromatography, hydroxylapatite chromatography and 
lectin chromatography. Most preferably, high performance liquid chromatography ("HPLC") 
is employed for purification. 

Polypeptides of the present invention include naturally punfied products, products of 
chemical synthetic procedures, and products produced by recombinant techniques from a 
prokaryonc or eukaryotic host, including, for example, bacterial, yeast, higher plant, insect and 
mammalian cells. Depending upon the host employed m a recombinant production procedure, 
the polypeptides of the present invention may be glycosylated or non-eiycosylated In 
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addition, polypeptides of the invention may also include an initial modified methionine residue, 
in some cases as a result of host-mediated processes. 

TRID receptor polynucleotides and polypeptides may be used in accordance with the 
present invention for a variety of applications, particularly those that make use of the chernicaJ 
and biological properties of TRID. Among these are applications m treatment of tumors, 
resistance to para^sites, bactena and viruses, to induce proliferation of T-cells, endothelial cells 
and certain hematopoieuc cells, to treat restenosis, graft vs. host disease, to regulate anti-viral 
responses and to prevent certain autoimmune diseases after stimulation of TRID by an agonist. 
Additional applications relate to diagnosis and to treatment of disorders of ceils, tissues and 
organisms. These aspects of the invention are discussed further below 



Po lypep tide s and Fragm ents 

The invention further provides an isolated TRID polypeptide having the amino acid 
sequences encoded by the deposited cDNA, or the amino acid sequences in SEQ ID NO;2. or a 
peptide or polypeptide comprising a portion of the above polypeptides. 

Variant and Mutant Polypeptides 

To improve or alter the characteristics of a TRID polypeptide, protein engineering may 
be employed. Recombinant DNA technology known to those skilled in the an can be used to 
create novel mutant proteins or "mutems" including single or multiple amino acid substitutions, 
deletions, additions or fusion proteins. Such modified polypeptides can show, e.g., enhanced 
activity or increased stability. In addition, they may be purified in higher yields and show 
better soiubihty than the corresponding natural polypeptide, at least under certain purification 
and storage conditions. 

N -Terminal and C-Terminal Deletion Mutants 

For instance, for many proteins, including the extracellular domain of a membrane 
associated protein or the mature fonn(s) of a secreted protein, it is known in the art that one or 
more amino acids may be deleted from the N-terminus or C-terminus without substantial loss 
of biological function. For instance, Ron et a!., J. BioL Chem., 266':2984-2988 (1993) 
reported modified KGF proteins that had heparin binding activity even if 3, 8, or 27 ainino- 
lerminal amino acid residues were missing. In the present case, since the proteins of the 
invention arc members of the TNFR polypeptide family, deletions of N-terminal ammo acids 
up to tne cysteine at position C-53 of Figure 1 (C-27 of SEQ ID NO:2) may retain some 
biological activm- such as regulation of proliferation and apoptosis of lymphoid cells. 
Polypeptides having further N-terminal deletions including the C53 residue in Figure 1 (C-27 
in SEQ ID NO:2 ). would not be expected to retain such bioloeical activities because it is known 

/f 
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that these residues iii a TRID-related polypeptide arc required tor fonnini: a disulfide bridge to 
provide structural stability which is needed lor iigaiid binding. 

However, even if deieiion of one or more amino acids from the N-terminus of a protein 
results in modification or loss of one or more biological functions of the protein, other 
biological activities may still be retained. Thus, the ability of the shonened protein to induce 
and/or bind to antibodies which recogmze the complete or mature form of the TRID protein 
generally will be retamed when less than the majority of the residues of the complete protein or 
extracellular domain are removed from the N-terminus. Whether a particular polypeptide 
lacking N-tcrmmal residues of a complete protein retains such immunologic activiues can 
readily be delenmned by routine methods described herein and otherwi.se known in the an. 

Accordingly, the present invention funher provides polypeptides having one or more 
residues deleted from the amino terminus of the ammo acid sequence shown in Figure 1 . up to 
the cysteine residue in eacn which is at position number 53. and polynucleotides encoding such 
polypeptides. In particular, the present invention provides TRID polypeptides comprising ti:e 
ammo acid sequence of residues m-259 of Figure 1 where m is an integer in the range of 1-53 
where 53 is the position of the first cysteine residue from the N-temunus of the complete TRID 
polypeptide (shown in Figure 1 ) believed to be required for activit)- of the TRID protein. 

More in particular, the invention provides polynucleoudes encoding polypeptides 
having the amino acid sequence of residues: 1-259, 2-259. 3-259. 4-259, 5-259 6-259 7- 
259, 8-259, 9-259, 10-259. 11-259. 12-259. 13-259. 14-259, 15-259, 16-259, 17-259. 'l8- 
259. 19-259, 20-259, 21-259, 22-259, 23-259, 24-259, 25-259. 26-259. 27-259. 28-259. 29- 
259, 30-259, 31-259, 32-259, 33-259, 34-259, 35-259, 36-259, 37-259, 38-259,' 39-259,' 40- 
259, 41-259, 42-259, 43-259, 44-259, 45-259, 46-259. 47-259, 48-259. 49-259, 50-259. 51- 
259, 52-259. and 53-259 of Figure 1. Polynucleotides encoding these polypeptides also are 
provided. 

Similarly, many examples of biologically functional C-termmal deletion muteins are 
known. For instance, interferon gamma shows up to ten times higher activities by deletins 8- 
10 amino acid residues from the carboxy temunus of the protein (Dobeli. et al.. J. 
Biotechnology 7:199-216 (1988)). In the pre.sent case, since the protein of the invention ,s a 
member of the TNFR polypeptide family, deletions of C-temiinal amino acids up to the 
cysteine at posiuon 149 of Figure 1 (posiuon 123 of SEQ ID NO;2). may retain .some 
biological activity such as regulation of proliferation and apoptosis of lymphoid cells. 
Polypepudcs having further C-tenninal deletions including the cysteine at position 149 of 
Figure 1 would not he expected to retain such biological activiues because it is known that this 
residue m TNF receptor-related polypeptides is required for forming a disulfide bridge to 
provide structural .stability which is needed for ligand binding. 

However, even if deletion of one or more ammo acids from the C-terminus of a protein 
results in modification or loss of one or more biological functions of the protein, other 
biological activities may still be retained. Thus, the abilitv of the shonened protein to induce 

// 
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and/or bind to antjbodies which recognize the complete or mamre rorin of the protein ecncrallv 
will be retained when less than the ma)onty of tlie residues of the complete or mamie fonri 
protein arc removed from the C-terminus. Whether a panicuiar polypeptide lacking C-ierminal 
residues of a complete protein retains such immunologic activiues can readily be determmed by 
5 routine methods described herein and otherw^ise known m the art. 

Accordingly, the present invention further provides polypepudes having one or more 
residues from the carboxy terminus of the anuno acid sequence of TRID shown in Fmure 1 up 
to the cysteine at position 149 of Figure 1. and polynucleotides encoding such polypeptides, in 
particular, the present invention provides polypeptides having the amino acid sequence of 
K) residues 1-x of the amino acid sequence in Figure L where x is any integer in the range of J49- 
259. Polynucleotides encoding these polypeptides also are provided. 

The mvenhon also provides polypeptides having one or more amino acids deleted from 
both the amino and the carboxy] termini, which may be described generally as having residues 
m-x of Figure 1 , where m and x are integers as described above. 

Also included are a nucleotide scqtience encoding a polypeptide consisting of a ponion 
of a complete TRTD cunino acid sequence encoded by a cDNA clone contained in ATCC 
Deposit No. 97798, where this portion excludes from 1 to about 49 amino acids from the 
amino terminus of the complete ammo acid sequence encoded by the cDNA clone contained in 
ATCC Deposit No. 97798, or from I to about 1 10 amino acids from the carboxy terminus of 
20 the complete amino acid sequence encoded by the cDNA clone contained in ATCC Deposit No. 
97798, or any combination of the above ammo terminal and carboxy terminal deletions, of the 
complete anuno acid sequence encoded by the cDNA clone contained m ATCC Deposit No. 
97798. Polynucleotides encoding all of the above deletion mutant polypeptide forms also are 
provided. 
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Other Mutants 

In addition to terminal delciKin forms of ilie protein discussed above, it will also be 
recognized by one of ordinarv' skill in the art that some amino acid sequences of the TTIID 
polypeptide can be varied without significant effect on the structure or function of the proteins. 
If such differences in sequence arc contemplated, it should be remembered that there will be 
critical areas on the protein which determine activity. Thus, the invention further includes 
variations of the TRID polypeptide, which show substantial TRID polypeptide activity' or 
which include regions of TRID protein such as the protein portions discussed below. Such 
mutants include deleuons, insertions, inversions, repeats, and type substitudons Guidance 
concerning which amino acid changes are likely to be phenotypically silent can be found in 
Bowie, J. U. et al., "Deciphering the Message in Protein Sequences: Tolerance to .Ajnino Acid 
Substitutions." Science 247: 1 306- 1310(1 990). 

Thus, the fragment, derivative, or analog of the polypeptide of SEQ ID NO:2, or that 
encoded by the deposited cDNA, may be: (i) one m which one or more of the armno acid 
residues ^ire substituted with a conserved or non-conscrvcd ammo acid residue (preferably a 
conserved amino acid residuc(s), and more preferably at least one but less than ten conserved 
amino acid residue(s)), and such substituted ammo acid residue(s) may or may not be one 
encoded by the genetic code; or (ii) one in which one or more of the amino acid residues 
includes a substituent group;or (iii) one in which the mature or soluble extracellular polypepdde 
IS fused with another compound, such as a compound to increase the half-life of the 
polypepdde (for example, polyethylene glycol); or (iv) one in which the additional ammo acids 
are fused to tlie mature polypeptide, such as an IgG Fc fusion region peptide or leader or 
secretory' sequence or a sequence w^hich is employed for purification of the mature polypepdde 
or a proprotein sequence. Such fragments, derivatives and analogs are deemed to be within the 
scope of those skilled in the art from the teachings herein. 

Thus, the TRID of the present invention may include one or more amino acid 
substitutions, deleuons or additions, either from natural mutations or human manipulation. As 
indicated, changes are preferably of a minor nature, such as conservative ammo acid 
subsutudons that do not significantly affect the folding or acdvity of the protein (see Table 1). 
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Mommc 


Pnon vl>ii;m tne 




Tryptophan 




l^vrosine 


Hydrophobic 


Leucine 




Isoieucme 




Valine 


Polaj 


Glutamine 




Asparaginc 


Basic 


Arginine 




Lysine 




Histidine 


Acidic 


Aspanic Acid 




Glutamic Acid 


Small 


Alanine 




Serine 




Threonine 




Methionine 




Glycine 



Amino acids m the TRID protein of the present invention that are essential for function 
can be identified by methods known in the art, such as sitc-directed mutagenesis or alamne- 
scanning mutagenesis (Cunningham and Weils, Science 24^:1081-1085 (1989j). The latter 
procedure introduces single alanine mutations at every residue in the molecule. The resulting 
mutant molecules are then tested for biological activity such as receptor binding or in vitro 
proliferative activity. 

Of panicular interest are substitutions of charged amino acids with another charged 
ammo acids and with neutral or negatively charged amino acids. The latter results m proteins 
with reduced positive charge to improve the chciracterisucs of the TRID protein. The 
prevention of aggregation is highly desirable. Aggregation of proteins not only results in a loss 
of activity but can also be problematic when preparing pharmaceuucal formulauons, because 
they can be immunogenic. (Pinckard et al, Clin Exp. Immunol. 2:331-340 (1967); Robbms er 
al. Diabetes i6:S38-845 (1987); Clcland et al. Cm. Rcw Therapeutic Drug Carrier Systems 
10:301-311 (1993)). 

The replacement of ammo acids can also change the selectivity of binding of a lisand to 
cell surface receptors. For example. Ostade et al. Nature 567:266-268 (1993). descnbes 
certain mutations resulting in selective binding of TNF-a to only one of the two known types 
of TNF receptors. Sites that are cridcal for ligand-receptor binding can also be detenruned by 
structural analysis such as cr>\staliization. nuclear magnetic resonance or photoaffinity labeling 
(Smith et ai, J. MoL BioL 22^:899-904 (1992) and de Vos et ai Science 255:306-312 
(1992)). 
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The polypeptides of the present invention are preferably provided in an isolated form. 
By "isolated polypeptide" is intended a polypeptide removed from its native environment. 
Thus, a polypeptide produced and/or contained within a recombinant host cell is considered 
isolated for purposes of the present invention. .AJso intended as an "isolated polypeptide' are 
5 polypeptides thai have been purified, partially or substantially, from a recombmant host cell. 
For example, a recombmantly produced version of the TRID polypepnde can be substantially 
purified by the one-step method described in Smith and Johnson, Gene 67:31-40 ( 1988). 

The present inventors have discovered that the TRID polypeptide is a 259 residue 
protein exhibiting two main structural domains. First, the extraceliuhtr TRAIL ligand bindme 
10 domain was idendfied within residues from about 1 to about 214 in SEQ ID NO:2. Second, 
the transmembrane domain wa^ identified within residues from about 215 to about 233 m SEQ 
ID NO:2. As menuoned above, however, TRID, surprisingly lacks a putative intracellular 
signalling domain, thus, the name 'TRID" (TRAIL Receptor Without an Inuaceliular 
Domain"). 

The polypeptides of the present invention include the polypeptide encoded bv the 
deposited cDNA including the leader; the mature polypeptide encoded by the deposited the 
cDNA minus the leader (i.e., the mature protein); a polypeptide comprising amino acids about - 
26 to about 233 m SEQ ID NO:2; a polypepude comprising amino acids about - 25 to about 
233 in SEQ ID NO:2; a polypeptide compnsing amino acids about 1 to about 233 in SEQ ID 

20 NO;2; a polypeptide comprising the extracellular domain; and a polypeptide comprising the 
transmembrane domain; as well as polypeptides which are at least 80% idenucal, more 
preferably at least 90% or 95% identical, still more preferably at least 96%, 97%, 98%. or 99% 
identical to the polypeptides described above, and also include ponions of such polypeptides 
with at least 30 amino acids and more preferably at least 50 amino acids. 

By a polypepnde having an amino acid sequence at least, for example, 95% "identical" 
to a reference ammo acid sequence of a TRID polypeptide is intended that the amino acid 
sequence of the polypepnde is identical to the reference sequence except that the polypeptide 
sequence may include up to five annino acid alterations per each 100 amino acids of the 
reference amino acid of the TRID polypeptide. In other words, to obtain a polypepdde having 

30 an amino acid sequence at least 95%^ identical to a reference amino acid sequence, up to 5% of 
the anmno acid residues in the reference sequence may be deleted or substituted with another 
amino acid, or a number of amino acids up to 5% of the total amino acid residues in the 
reference sequence may be inserted into the reference sequence. These alteradons of the 
reference sequence may occur at the ammo or carboxy terminal positions of the reference amino 

?5 acid sequence or anywhere between those terminal positions, interspersed either individually 
among residues in the reference sequence or in one or more contiguous groups within the 
reference sequence. 
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As a practical matter- whether any parljculaj- polypeptide is at least 90%, 959r, 96%, 
97% , 98% or 99% identical to. fur instance, the amino acid sequence shown m SEQ ID NO:2, 
or lo the aniino acid sequence encoded by the deposited cDNA clone, can be dctcnnined 
conventionally using known computer programs such the Bcstfit program (Wisconsin 
Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group, Universirv 
Research Park, 575 Science Drive, Madison, WI 53711). When using Bestfit or any other 
sequence alignment program to determine whether a particular sequence is, for instance, 95% 
identical to a reference sequence according to the present invention, the parameters are set, of 
course, such that the percentage of identity^ is calculated over the full length of the reference 
amino acid sequence and that gaps in homology of up to 5% of the totjil number of amino acid 
residues in the reference sequence are allowed. 

The polypeptide of the present invention could be used as a molecular weight marker on 
SDS-PAGE gels or on molecular sieve gel filtration columns using methods well known to 
those of skill in the art. 

Epitope- Bearing Portions 

In another aspect, the invention provides a peptide or polypeptide comprising an 
cpitope-bearing portion of a polypeptide of the invention. The epitope of this polypeptide 
portion is an immunogenic or anugenic epitope of a polypepnde of the invention. An 
"immunogenic epitope" is defined as a part of a protein that ehcits an antibody response when 
the whole protein is the immunogen. On the other hand, a region of a protein molecule to 
w^hich an antibody can bind is defined as an "antigenic epitope." The number of immunogenic 
epitopes of a protein generally is less than the number of antigenic epitopes. See, for instance, 
Geysen et aL, Proc. Natl. Acad. ScL USA 8J:399S~ 4CX)2 (1983;) 

As to the selection of peptides or polypeptides bearing an antigenic epitope (i.e., that 
contain a region of a protein molecule to which an antibody can bind), it is well known in ±iat 
art that relatively shon synthetic peptides that mimic pail of a protein sequence are routinely 
capable of elicihng cin antiserum that reacts with the partially mimicked protein. See. for 
instance, Sutcliffe, J. G., Shinnick, T. M.. Green, N. and Learner. R. A. (1983) "Antibodies 
That React With Predetemruned Sites on Proteins," Science, 279:660-666. Peptides capable of 
eliciting protein-reactive sera are frequently represented in the pnmar>' sequence of a protein, 
can be characterized by a set of simple chemical rules, and are confined neither to 
immunodommant regions of intact proteins {i.e., immunogenic epitopes) nor to the amino or 
carboxyl terminals. Antigenic epitope-bearing peptides and polypeptides of the invention are 
therefore useful to raise antibodies, including monoclonal antibodies, that bind specificallv to a 
polypeptide of the invention. See, for instance, Wilson er aL, Ccl! 37:767 -71S (1984) at 777. 

Antigenic epitope-bearing peptides and polypeptides of the invention preferablv contain 
a sequence of at least seven, more preferably at least nine and most preferably between atout 
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15 to about 30 amino acids contained within the amino acid sequence of a polypeptide of the 
invention. 

Non-iimiting examples of aniigemc polypepudes or peptides that can be used lo 
generate TRID-specific antibodies mciudc: a polypeptide comprising amino acid residues from 
about Gln-42 to about Giu-52 in Figure 1 (about Gin- 16 lo about Glu-26 in SEQ ID N0:2); a 
polypeptide comprising amino acid residues from about His-58 to about Cys-66 in Figure 1 
(about His-32 to about Cys-40 in SEQ ID ^0:2)- a poiypepdde comprising ammo acid 
residues from about Pro-68 to about Thr-76 in Figure 1 (about Pro-42 to about Thr-50 m SEQ 
ID NO:2): a polypeptide comprising ammo acid residues from about Ser-79 to about Cys-85 in 
Figure 1 (about Ser-53 to about Cys-59 m SEQ ID NO:2); a polypeptide comprising amino acid 
residues from about Cys-91 to about Thr-102 in Figure 1 (about Cys-65 to about Thr-76 in 
SEQ ro NO:2); a polypeptide comprising ammo acid residues from about Gln-110 to about 
Pro- 122 in Figure 1 (about Gln-84 to about Pro-96 in SEQ ID NO:2); a polypeptide 
comprising ammo acid residues from about Arg-126 to about VaM36 in Figure I (about Arg- 
100 to about Val-110 in SEQ ID NO:2): and a polypeptide comprising ammo acid residues 
from about Thr-J42 to about Glu-14S in Figure 1 (about Thr-l 16 to about Glu-122 in SEQ ID 
NO;2). As indicated above, the inventors have determined that the above polypeptide fragments 
are antigenic regions of theTRID protein. 

The epiiope-bearing peptides and polypepudes of the invention may be produced by any 
conventional means. See, e.g., Houghten, R. A. (1985) '^General method for the rapid 
solid-phase synthesis of large numbers of peptides: specificity of antigen-antibody interacuon at 
the level of individual amino acids." Proc. Natl Acad. Sci. USA <§2:5131-5135; this 
"Simultaneous Muhiple Peptide Synthesis (SMPS)" process i.s further described m U.S. Patent 
No. 4.63 1 ,2 11 to Houghten et ai ( 1 986). 

Epitope-bearmg peptides and polypeptides of the invention are used to induce 
antibodies according to methods well known m the art. See, for instance, Sutcliffe et aL, 
supra; Wilson et al., supra; Chow, M. et ai, Proc. Natl Acad, Sci. USA 52:910-914; and 
Bmle, F. J. et ai, J. Gen. Virol. 66:2347-2354 (1985). Immunogenic epitope -be anng 
peptides of the invention, i.e., those pans of a protein that elicit an antibody response when the 
whole protein is the immunogen, are idcndfied according to methods known in the art. See, 
for instance. Geysen et ai., supra. Further still, U.S. Patent No. 5.194,392 to Geysen (1990) 
describes a general method of detectmg or determining the sequence of monomers (amino acids 
or other compounds) which is a topological equivalent of the epitope (i.e., a "mimotope") 
which IS complementary to a panicular paratope (antigen bindmn site) of an antibody of 
mterest. More generally, U.S. Patent No. 4.433,092 to Geysen (1989) describes a method of 
detecting or determining a sequence of monomers which is a topographical equivalent of a 
hgand which is complementary- to the hgand binding site of a panicular receptor of interest. 
Similarly, U.S. Patent No. 5.480.971 to Houghten, R. A. et al. (1996) on Peralkyiated 
Oligopeptide Mixmres discloses linear Cl-C7-alkvi peralkvlated oligopeptides and sets and 
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libraries of such peptides, as well as methods for using such oligopeptide sets aiid libranes for 
detenrunmg the sequence of a pcralkylated oligopeptide that preferentially binds lo an acceptor 
molecule of interest. Thus, non-peptide analogs of the epitopc-beanng peptides of the 
invention also can be made routinely by these methods. 

Fusion Proteins 

As one of skill in the an will appreciate, TRID receptor polypeptides of the present 
invention and the epitope-beanng fragments thereof described above can be combined with 
parts of t±ie constant domain of immunoglobulins (IgG), resulting m chimenc polypeptides. 
These fusion proteins facilitate purification and show an increased half-life in vivo. This has 
been shown, e.g., for chimeric proteins consisting of the first two domains of the human 
CD4-polypeptide and various domains of the constant regions of the heavy or light chains of 
mammahan immunoglobulins (EP A 394,827; Traunecker et al.. Nature 331:84-86 (1988)). 
Fusion proteins that have a disulfide-iinked dimeric structure due to the IgG part can also be 
more efficient in binding and neutralizing other molecules thai^i the monomeric TRE> protein or 
protein fragment alone (Fountoulakis et uL, J. Biochem. 270:3958-3964 (1995)). 

Antibodies 

TRID-protein specific antibodies for use in the present invention can be raised aeainst 
the intact TRIDproteins or an antigemc polypeptide fragment thereof, w^hich may be presented 
together with a carrier protein, such as an albumin, to an anim:il system (such as rabbit or 
mouse) or, if it is long enough (at least about 25 amino acids), without a carrier. 

As used herein, the tenii "antibody" (Ab) or "monoclonal antibody" (Mab) is meant to 
include intact molecules as well as antibody fragments (such as, for example. Fab and F(ab')2 
fragments) which are capable of specifically binding to a TNFR protein. Fab and Fi ab')2 
fragments lack the Fc fragment of intact antibody, clear more rapidly from the circulation, and 
may have less non-specific tissue binding of an intact antibody fWahl et ai, J. Mud Med. 
2^:316-325 (1983)}. Thus, these fragments arc preferred. 

The antibodies of the present invention may be prepared by any of a varietv of methods. 
For example, ceils expressing the TRID protein or an antigenic fragment thereof can be 
administered to an animal m order to induce tlie production of sera containing polyclonal 
annbodies. In a preferred method, a preparation of TRID protein is prepared and purified to 
render it substantially free of natural contaminants. Such a preparation is then introduced into 
an animal in order to produce polyclonal antiscra of greater specific activity. 

In the most preferred method, the antibodies of the present invention are monoclonal 
antibodies. Such monoclonal antibodies can he prepared using hybndoma technology fKohlcr 
ei ai, Nature 256:495 (1975): Kohler a/., Eur. J. Immunol. 6:51] (1976); Kohler et ai., 
Eur. J. Immunol. 6:292 (1976): Hammerlmg et a!., in: Monoclonal Antibodies and T-Cell 

H 



wo 98/30693 



PCT/US98/00152 



Hvhridomas, Elsevier, N.Y., (']98]j pp. 563-681 ). In general, such procedures involve 
immunizing an animal (preterabJy a mouse) with a TRID protein anngen or, more preferably, 
with a TRJD protem-expressmg cell. Suitable cells am be recognized by their capacity to bind 
anii-TRID protein antibody. Such cells may be cultured m any suitable tissue culture medium; 
however, it is preferable to culture cells in Earle s modified Eagle's medium supplemented with 
10% fetal bovine serum (inactivated at about 56° C), and supplemented with about 10 g/1 of 
nonessential amino acids, about 1.000 U/ml of penicillin, and about 100 |ig/m! of 
streptomycin. The splenocytes of such mice are extracted and fused with a suitable myeloma 
cell line. .Ajiy suitable myeloma cell line may he employed in accordance with the present 
invention; however, it is preferable to employ the parent myeloma cell line (SP20), available 
from the Amencan Type Culture Collection, Rockviiic, Maryland. After fusion, the resulting 
hybridoma cells are selectively maintained m HAT medium, and then cloned by iiiniiing 
dilution as described by Wands et al, (Gastroenterology 80:225-232 (1981)). The hybridoma 
cells obtained through such a selection are then assayed to identify clones which secrete 
antibodies capable of binding the desired TRID antigen. 

Alternatively, additional antibodies capable of binding to the TRID antigen may be 
produced in a two-step procedure through the use of anii-idioty^pic antibodies. Such a method 
makes use of the fact that antibodies are themselves antigens, and that, therefore, it is possible 
to obtain an antibody which binds to a second antibody. In accordance with this method, 
TRID-protem specific antibodies are used to immunize an animal, preferably a mouse. The 
splenocytes of such an animal are then used to produce hybridoma cells, and the hybridoma 
cells are screened to identify clones which produce an antibody whose ability to bind to the 
TRID protein-specific antibody can be blocked by the TRID protein antigen. Such antibodies 
comprise anti-idiotypic antibodies to the TRID protein-specific antibody and can be used to 
immunize an animal to induce formation of further TRID protein-specific antibodies. 

It will be appreciated that Fab and F(ab')2 and other fragments of the antibodies of the 
present invention may be used according to the methods disclosed herein. Such fragments are 
typically produced by proteolytic cleavage, using enzymes such as papain (to produce Fab 
fragments) or pepsin (to produce F(ab')2 fragments). Aitemativeiy, TRID protein-binding 
fragments can be produced through the applicauon of recombinant DN A technology or tiirough 
synthetic chemistry. 

For in vivo use of anii-TRID m humans, it may be preferable to use "humanized* 
chimeric monoclonal antibodies. Sucn antibodies can be produced using genetic constructs 
derived from hybridoma cells producing the monoclonal antibodies described above. Methods 
for producing ctumeric antibodies are known in the art. See, for review, Morrison, Science 
229:1202 (1985); Oi et ah, BioTechniqucs 4\2\A (1986): Cabilly ct ai., U.S. Patent No. 
4,816,567; Taniguchi et ah, EP 171496; Morrison et al., EP 173494: Neuberger et ah. WO 
8601533: Robinson et al., WO 8702671: Boulianne ei al. Naiurc 312:643 (1984); Neuberger 
et aL. Nature 3I4:26S (1985;. 
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Immune System-Related Disorders 

Diagnosis 

The present inveniors have discovered that TRID is expressed m hematopoeitic tissues 
and other normal human tissues. For a number of immune system-related disorders, 
substantially altered (increased or decreased) levels of TRID gene expression can be detected in 
immune system tissue or other cells or bodily fluids (e.g., sera and plasma) taken from an 
individual having such a disorder, relative to a ^'standard" TRID gene expression level, that is, 
the TRID expression level m immune system tissues or bodily lluids from an individual not 
having the immune system disorder. Thus, the invenuon provides a diagnostic method useful 
dunng diagnosis of an immune system disorder, which involves measuring the expression 
level of the gene encoding the TRID protein in immune system tissue or other cells or body 
fluid from an individual and companng the measured gene expression level with a standard 
TRID gene expression level, whereby an increase or decrease in the gene expression level 
compared to the standard is indicative of an immune system disorder. 

In particular, it is believed that certain tissues m mammals with cancer express 
significantly enhanced levels of the TRID protein and mRNA encoding the TRID when 
compared to a corresponding "standard" level. Further, it is believed that enhanced levels of 
the TRID protein can be detected m certiiin body fluids (e.g., sera and plasma) from mammals 
with such a cancer when compared to sera from mammals of the same species not having the 
cancer. 

Thus, the invention provides a diagnostic method useful during diagnosis of an immune 
system disorder, including cancers which involves measunng the expression level of the gene 
encoding the TRID protein in immune system tissue or other cells or body fluid from an 
individual and comparing the measured gene expression level with a standard TRID eenc 
expression level, whereby an increase or decrease m the gene expression level compared to the 
standard is indicative of an immune system disorder. 

Where a diagnosis of a disorder in the immune system including diagnosis of a tumor 
has already been made according to conventional methods, the present invention is useful as a 
prognostic indicator, whereby patients exhibiting altered (particularly enhanced) eene 
expression will experience a worse clinical outcome relative to patients expressing the ecne at a 
level nearer the standard level. 

By "assaying the expression level of the gene encoding a TRID protein" is intended 
qualitatively or quantitatively measunng or estimating the level of TRID or the level of the 
mRNA encoding TRID in a first biological sample either directly (e.g., by determining or 
estimating absolute protein level or mRNA level) or relatively (e.g.. by comparing to the TRJD 
protein level or mRNA level m a second biological sample). Preferably, the TRID protein level 
or mRNA level in the first biological sample is measured or estimated and compared to a 
standaid TRID protein level or mRNA level, the standard being taken from a second biological 
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sample obtained from an individual not having the disorder or being determined bv averaging 
levels from a population of individuals not having a disorder of i:he immune system. As will be 
appreciated m the ail, once standard TRID protein levels or mRNA levels aie known, they can 
be used repeatedly as a standard for comparison. 

B\' ''biological sample" is intended any biological sample obtained from an individual, 
body fluid, cell ime. tissue culture, or other source which contains TRID protein or mRNA. 
As indicated, biological samples mclude body fluids (such as sera, plasma, unne, synovial 
flmd and spinal fluid) which contain free exu-acellulai domain(s) (or soluable form(>')) of a 
TRID protein, immune system tissue, and other tissue sources found to express complete or 
extracellular domain of TRID. Methods for obtaining tissue biopsies and body fluids from 
mammals are well known in the ait. Where the biological sample is to include mRNA, a tissue 
biopsy IS the preferred source. 

The invention also contemplates the use of a gene of the present invention for 
diagnosmg mutations in the TRID gene. For example, if a mutation is present m one of the 
genes of the present invention, conditions would result from a lack of production of the 
receptor poiypepudes of the present invention. Further, mutations which enhance receptor 
polypeptide activity would lead to diseases associated with an over expression of the receptor 
polypeptide, e.g., endotoxic shock. Mutations in the genes can be detected by comparing the 
sequence of the defective gene with that of a noniial one. Subsequently one can venfy that a 
mutant gene is associated with a disease condition or the suscepubility to a disease condition. 
That is, a mutant gene which leads to the overexpression of TRID would be associated with an 
inability of TRAIL to inhibit tumor growth. 

Other immune system disorders which may be diagnosed by the foregoing assays 
include hypersensitivity, allergy, infectious disease, graft-host disease, immunodeficiency, 
autoimmune diseases and the like. 

h:dividuais carrying mutations m the genes of the present invention may be detected at 
the DNA level by a variety of techniques. Nucleic acids used lor diagnosis may be obtained 
from a patient s cells, such as from blood, unne. saliva and tissue biopsy among other tissues. 
The genomic DNA may be used direcdy for detecdon or may be amplified enzymatically by 
using PCR fSaiki et al.. Nature, 324:163-166 (1986)) prior to analysis, RNA or cDNA may 
also be used for the same purpose. As an example, PCR primers complementar\' to the nucleic 
acid of the mstant invention can he used to idendfy and analyze mutations in the human genes 
of the present invention. For example, deleuons and insertions can be detected by a chanee m 
the size of the amplified product m comparison to the normal genotype. Point mutations can be 
identified by hybridizing amplified DNA to radiolabeled RNA or altemaUvely. radiolabeled 
anusense DNA sequences of die present invention. Perfectly matched sequences can be 
distinguished from mismatched duplexes by RNase A digestion or by differences in melung 
temperatures. Such a diagnostic would be paiticuiariy useful for prenatal or even neonatal 
testing. 
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Sequence djfierences between the rctcrcncc gene and "inuiants" may be revealed by tlie 
direct DNA sequencing method, in addiiiun, cloned DNA segments may be used as prooes to 
detect specific DNA segments. The sensitivity of this method is greatly enhanced when 
combined with PCR. For example, a sequencing pnmaiA^ used with double stranded PCR 
product or a smgie stranded template molecule generated by a modified PCR product. The 
sequence deisrminaiion is performed by conventional procedures with radiolabeled nucleotides 
or by automatic sequencing procedures with fluorescent tags. 

Sequence changes at the specific locations may be revealed by nuclease protection 
assays, such as RNase and SI protection or the chemical cleavage method (for example. Cotton 
et aL, PNAS, 85:4397-4401 (1985)). 

Assaying TRID protein levels m a biological sample can occur using antibody-based 
techniques. For example, TRfD protein expression in tissues can be studied with clai>sical 
immunohistological methods (JaJkanen, M., ci al, J. CelL BioL 101:916-9^5 (1985); 
Jalkanen, M., ei aL 7- Cell. BioL 705:3087-3096 (1987)). Other antibody-based methods 
useful for detecting TRID gene expression include immunoassays, such as the enzyme linked 
immunosorbent assay (ELISA) and the radioimmunoassay (RIA). Suitable antibody assay 
labels are known m the an and include enzyme labels, such as, glucose oxidase, and 
radioisotopes, such as iodine ('^^I, '^'I;. carbon O'C), sulfur C'S), triuum (-'H), indium 
('''In), and technetium (^^-^Tc), and fluorescent labels, such as fiuorescein and rhodamine. and 
biotm. 

In addiuon to assaying TRID protein levels in a biological sample obtained from an 
individual, TRID proteins can also be detected in vivo by imaging Antibody labels or markers 
for in VIVO imaging of TRID proteins include those detectable by X-radiography, NMR or 
ESR. For X-radiography, suitable labels include radioisotopes such as barium or cesium, 
which emit delectable radiafion but are not overtly harmful to the subject. Suitable markers for 
NMR and ESR include those with a delectable characteristic spin, such as deuterium, which 
may be incorporated into the antibody by labeling of nutrients for the relevant hybridoma, 

A TRID-,specific antibody or antibody fragment which has been labeled with an 
appropriate detectable imaging moiety, such as a radioisotope (for example, '^'l, '^^In. *^^^Tc) 
a radio-opaque sub.stance, or a material detectable by nuclear magnetic resonance, is introduced 
(for example, parenterally, subcutaneously or intrapentoneall> ) into the mammal to be 
exanuned for immune system disorder. It wil] be understood m the art that the size of the 
subject and the imaging system used will determine the quantit>' of imaging moiety needed to 
produce diagnostic image>. In the ca.se of a radioisotope moiety, for a human subieci. the 
quantit>' of radioactivity injected will normally range from about 5 to 20 millicunes of ^''"'Tc 
The labeled antibody or antibody fragment will then preferendaily accumulate at the location of 
cells which contain TRID protein. In vivo tumor imaging is described m S.W. Burchiel et al 
"Immunophanr.acokinetics of Radiolabeled Antibodies and Then- Fragments" (Chapter 13 in 

3 ^ 
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Tumor Irnai^ing: The Radiochemical Detection of Cancer, S.W. Burchiel aiid B, A. Rhodes 
cds., Masson Publishing Inc. ( 1982);. 

Treatment 

Tht; Junior Necrosis Factor (TNF) tanuiy hgands are known to be among the most 
pleiotropic cytokines, inducing a large number of cellular responses, including cytotoxicin', 
anti-vu-ai activity, immunoregulators' activities, and the transcriptional regulauon of several 
genes fGocddel, D.V. et al., 'Tumor Necrosis Factors: Gene Structure and Biological 
Activities;* Symp. QuanL BioL 57:597-609 (1986), Cold Spring Harbor: Beutier, B., and 
Cerami, A., Anmc Rev. Biochem. 57:505-518 (1988): Old, L.J., Sci. Am. 258:59-75 (1988); 
Fiers, W.. F£BS Lett. 2cS^5: 199-224 (1991)). The TNF-family ligands induce such various 
cellular responses by binding to TNT-family receptors. Cells which express a TRID 
polypeptide and have a potent cellular response to TNFR ligands include lymphocytes, 
endothelial cells, kcratinocytes, and prostate tissue. By "a cellular response to a TNT-family 
iigand" is intended any genotypic, phenotypic. and/or morphologic change to a cell, cell line, 
tissue, tissue culaire or patient that is induced by a TNF- family ligand. As indicated, such 
cellular rcspon.ses include not only normal physiological responses to TNF-family lieands, but 
also diseases associated with increased apoptosis or the inhibition of apoptosis. 

Diseases associated with mcreased cell sur\'ival, or the inhibiUon of apoptosis, include 
cancers (such as follicular lymphomas, carcinomas with p53 mutations, and hormone- 
dependent tumors, such as breast cancer, prostate cancer, Kaposi's sarcoma and ovarian 
cancer); autoimmune disorders (such as systemic lupus erythematosus and immune-related 
glomerulonephritis rheumatoid anhritis) and viral infections (such as herpes viruses, pox 
vimses and adenoviruses), information graft v. host disease, acute graft rejecuon, and chronic 
graft rejection. Diseases associated with increased apoptosis include AIDS; neurodegenerative 
disorders (such as Alzheimer's disease, Parkinson's disease, ^Amyotrophic lateral sclerosis. 
Retinitis pigmentosa. Cerebellar degeneration); myclodysplastic syndromes (such as aplasuc 
anemia), ischemic injur)^ (such as that caused by myocardial iniarcuon, stroke and reperfusion 
injury), toxm-mduced liver disease (such as that caused by alcohol j. septic shock, cachexia and 
anorexia 

Thus, m one aspect, the present invention is directed to a method for enhancing: 
apoptosis induced by a TNT-family ligand, which involves administering to a cell which 
expresses a TNFR polypeptide an effective amount of an antagonist of the TRTD polypeptiae, 
capable of mhibiang TRID expression or i:s ligand binding abilitv (e.g., to TRAIL). 
Preferably, TNFR mediated signaling is increased to treat a disease wherein decreased 
apoptosis IS exhibited. Antagonist can mclude monoclonal antibodies directed aeainst the TRID 
polypeptide. 

1/ 
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By "aniagonisf is iniendud naturally occumng and synthetic compounds capable of 
enhancing or potentiaimg apoptosis. By ' aeonist" is intended naturally occumng and synthetic 
compounds capable of inhibiting apoptosis. Whether any candidate "amagonisf or ■ agonist" 
of the present invention can enhance or inhibit apoptosis can be determined using art-known 
TNF-iamily Iigand/rcceptor ceUular response assays, including those descnbed in more detail 
below. 

One such screening procedure involves the use of melanophorcs which are transfected 
to co-express a TNFR receptor which binds a TRAE, such as DR4 or DR5, descnbed 
elsewhere herein, and the TRID receptor of the present invention. Such a screening technique 
is descnbed in PCT WO 92/01810, published February 6. 1992. Such an assay may be 
employed, for example, for screemng for a compound which inhibits (or enhances) the activity 
of the receptor polypeptide of the present invention by contacting the melanophore cells which 
encode the receptors with both a TNF-family ligand and the candidate antagonist (or agonist). 
Inhibition or enhancement of the signal generated by the ligand mdicates that the compound is 
an antagonist or agonist of TRID acnvit) . The TRID polypeptide and its agonists inhibit 
activauon of the TNFR receptor, e.^;.. TRAIL, receptor, whereas antagonists will increase 
activation. 

Other screening techniques include the use of cells which express a TRAIL receptor and 
TRID (for example, transfected CHO cells) m a system which measures extracellular pH 
changes caused by receptor activation, for example, as described in Science 246:181-296 
(October 1989). For example, compounds may be contacted with a cell which expres.ses a 
TRAIL receptor polypeptide and TRID of the present invention and a second messenger 
respon.se, e.g.. signal transduction or pH changes, may be measured to determine whether the 
potential compound activates or inhibits the TRAIL receptor. 

Another such screening technique involves introducing RNA encoding the receptors 
into Xenopus oocytes to transiently express TRID and a TRAIL receptor. The receptor oocytes 
may then be contacted with the receptor ligand and a compound to be screened, followed by 
detection of inhibition or activation of a calcium signal m the case of screening for compounds 
which are thought to inhibit activation of the receptor. 

Another screening technique involves expressing in cells a construct wherein the 
TRAIL receptor is linked to a phospholipase C or D. Such cells include endothelial cells, 
smooth muscle cells, embryonic kidney cells, etc. The screening may be accomplished as 
hereinabove descnbed by detecting activauon of the receptor or inhibition of activation of the 
receptor from the phospholipase signal in the presence of TRID either co-expressed or added in 
soluble form along with the candidate compound. 

Anotlier method involves screening for compounds which inhibit activation of a TRAIL 
receptor polypeptide m the presence of the TRID polypeptide of the present invention, either 
co-expressed or in soluble form. Agonists of the present invention are identified by 
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determinmg inhibition of bindinc of labeled ligand to cells wmch have the TRAIL receptor on 
the surface thereof. Such a method involves transfecting a eukaryotic cell with DNA encodln^ 
a TRML binding receptor such that the cell expresses the receptor on its surface and comacung 
the cell with a compound in the presence of a labelled TRAIL and TRID. TRAIL can be 
labeled, e.g., by radioactivm-. The amount of labeled TRAIL bound to the receptors is 
measured, e.g., by measurmg radioactivity of the receptors. If the compound bmds to tlie 
TRID receptor as determined by an mcrease of labeled TRAIL which binds to the TRAH. 
receptor, the compound is a TRID antagonist. 

Further screening assays for agonist and antagonist of the present invention arc 
described in Tartaglia, L.A., and Goeddel, D.V., J. Bioi Ckem. 267r7):4304-4307(1992). 

Thus, in a further aspect, a screening method is provided for determining whether a 
candidate TRID antagonist or agonist is capable of enhancing or inhibiting a cellular response to 
a TNF-family Iigand (e.g., apoptosis induced by TRAIL). The method involves contacting 
cells which express a TNFR polypeptide with a candidate compound, TRID, and a TNF-famiJy 
hgand, assaying a cellular respon.se, and comparing the cellular response to a standard cellular 
response, the standard being assayed when contact is made with the ligand in the presence of 
TRID but in absence of the candidate compound, whereby an increased cellular response over 
the standard indicates that the candidate compound is an antagonist and a decreased cellular 
response compared to the standard indicates that the candidate compound is an agonist. By 
"assaying a cellular response" is intended qualitatively or quantitanvely measuring a cellular 
response to a candidate compound and/or a TNF-family ligand (e.g.. determining or estimaung 
an increase or decrease in T cell proliferation or tritiated thymidine labeling). By the invention, 
a cell expressing the TNFR polypeptide can be contacted with either an endogenous or 
exogenously administered TNTF-family ligand. 

Antagonist according to the present invenuon include naturally occurring and synthetic 
compounds such as, for example, TNF family ligand peptide fragments, transforming growth 
factor, neurotransmitters (such as glutamate, dopamine, A-methyl-D- aspartate), rumor 
suppressors (p53j. cytolytic T cells and antimetabolites. Preferred agonist include 
chemotherapeutic drugs such as, for example, cisplatin, doxorubicin, bleomycin, cytosme 
arahinoside, nitrogen mustard, methou-exate and vincristine. Others include cthanol and - 
amyloid peptide. {Science 267:1457-1458 (1995)). Further preferred antagonist includes 
polyclonal and monoclonal antibodies raised against the TRID polypeptide, or a fragment 
thereof. 

Agonists according to the present invention include naturally occurring and synthetic 
compounds such as, for example, the CD40 ligand. neutral ammo acids, zinc, estrosen. 
androgens, viral genes (such as Adenovirus E/Z?, Baculovirus p35 and lAP, Cowpox virus 
crmA, Epstein-Barr virus BHRFJ , LMP-1, African swmc fever virus LMW5-HL and 
Herpesvirus yl 34.5). calpain inhibitors, cysteine protease inhibitors, and tumor promoters 
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(such as PMA. Phcnobarbital, and -Hcxachlorocyclohexanc j. Other Agonists include 
polycionai and monoclonal antagonist antibodies nused agains: TRAIL poiypepnacs or a 
fragment thereof. 

Other potential antagonists include antiscnse molecules. .Aritisense technology can be 
used to control gene expression through anusense DNA or RNA or through triple-helix 
formahon. Antisense techniques are discussed, for example, m Okano, / Ncurochem. 56:560 
(1991); Oligodeoxynucleotide.s as Antisense Inhibitors of Gene Expression, CRC Press, Boca 
Raton. R. (1988). Triple helix formation is discussed in, for instance Lee et ai. Nucleic Acids 
Research 6:3073 (1979); Cooney et ai, Science 241:456 (1988): and Dei^an et uL, Science 
257:1360 (:I99I;. The methods are based on binding of a polynucleotide to a complementarv' 
DNA or RNA, 

For example, the 5' coding portion of a polynucleoude that encodes the mature 
polypeptide of the present invention may be used to design an antisense RNA oligonucleotide 
of from about 10 to 40 base pairs in length. A DNA oiigonucleodde is designed lo be 
complementary' to a region of the gene involved m u-anscnpiion thereby preventing n-anscription 
and the production of the receptor. The antisense RNA oligonucleotide hybridizes to the 
mRNA in vivo and blocks translation of the mRNA molecule into receptor polypeptide. The 
oligonucleotides described above c^in also be delivered to ceils such that the antisense RNA or 
DNA may be expressed in vivo to inhibit production of the receptor. 

Further agonist according to the present invention include soluble forms of TRID, i.e., 
TRID fragments that include the ligand binding domain from the exu-acellular region of the full- 
length receptor. Such soluble forms of the receptor, which may be naturally occurring or 
syntheuc. antagonize TNFR mediated signaling by competing with the cell surface TNFR for 
binding to TNF-family ligands. Thus, soluble forms of the TRID receptor that include tlie 
hgand binding domain are novel cytokines capable of inhibiting apoptosis induced by TNF- 
family hgands. Other such cytokines are known m the an and include Fas B fa soluble fonn of 
the mouse Fas receptor) that acts physiologically to limit apoptosis mduced by Fas ligand 
fHughes, D.P. and Crispe, LN\, J. Exp. Med. 7(^2:1395-1401 (1995)). 

As indicated polyclonal and monoclonal antibody agonist or antagonist according to the 
present invention can be raised according to the methods disclosed m Tartaglia. L.A., and 
Goeddel, D.V.. J. Biol. Chem. 267f 7):43()4-4307( 1 992); Tanaglia, L.A. et aL, Cell 7J:213- 
216 (1993). and PCT Application WO 94/09137. The term ' antibody" (Ab) or "monoclonal 
antibody" (niAb) as used herein is meant to include intact molecules as well as fraements 
thereof (such as. for example. Fab and F(ah' ). fragments) which are capable of bindme an 
antigen. Fab and F (ab'). fragments lack the Fc fragment of intact antibody, clear more rapidly 
from the circulation, and may have less non-specific tissue binding of an intact antibody (WaiiJ 
era/.. 7. Nucl. Med. 2*^:316-325 (1983)). 
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Antibodies atcordinL: lo the present invention may he prepaicd by any of a variety of 
methods described above, and known in the art 

Proteins and other compounds which bind the cxtracciiular domains are also candidate 
agonist and antagonist according to the present nnention. Such binding compounds can be 
5 "captured" using the yeast two-hybrid system (Fields and Song. Nature 340:245-246 i 1989)1. 
A modified version of the yeast two-hybnd system has been described by Roger Brent and his 
colleagues fGyuris. J. et aL, Cell 75:791-803 (1993): Zer\^os, AS. et al.. Cell 72:223-232 
(1993))- 

By a "TNF-famiiy iigand" is intended naturally occurring, recombinant, and synthetic 
H) hgands that are capable of binding to a member of the TNF reeepior family and inducing tne 
iigand/'receptor sign^dmg pathway. Members of the TNF Hgand family include, but are not 
limited to. TRID hgands, TRAIL, TKF-a , lymphotoxm-a (LT-a , also known as TNF-p ), 
LT-p, FasL. CD40, CD27. CD30, 4-lBB, OX40 and ner.'e growth factor (KGF). 
Experiments concerning the abihty of TRID to bind TRAIL aie described below in Example 
15 5. 

Representauve therapeutic applicauons of the present invention are discussed in-more 
detail beiow. The slate of immunodeficiency that defines .AIDS is secondary to a decrease in 
the number and function of CD4" T-lymphocyies. Recent repons estimate the daily loss of 
CD4^Tcdls tobe between 3.5 X 10' and 2 X 10" cells fW^ei X.. et aL, Nature 57J: 117-122 
20 (1995) J. One cause of 004"^ T cell depletion m the setting of HW infection is believed to be 
HIV-induced apoptosis. Indeed, HlV-induced apoptotic cell death has been demonstrated not 
only in vitro but also, more importantly, in infected individuals (Amcisen. J.C., AIDS 8:1 197- 
1213 (1994) : Fmkel, T.H., and Banda, N.K., Curr. Opin. ImmunoL 6:605-615(1995); 
Muro-Cacho, C.A. et aL, J. iminunoL J 54:5555-5566 (1995)). Furthermore, apoptosis and 
25 CD4" T-iymphocyie depletion is tightly correlated m differen: animal models of AIDS 
(Brunner, T., et al., Nature 373:441-444 (1995); Gougeon. M.L.. et ai, AIDS Res. Hum. 
Retroviruses 9:553-563 (1993)) and, apoptosis is not obser\'ed in those animal models m 
which viral replication docs not result m AIDS (Gougeon, M.L. er ai, AIDS Res. Hum. 
Retroviruses 9:553-563 (1993)). Funher data indicates that uninfected but primed or activated 
30 T lymphocytes from HFvMnfectcd individuals undergo apoptosis after encountcrine the TNF- 
family ligand FasL. Using monocyuc cell hnes that result in death following HIV infection, it 
has been demonstrated that infection of U937 cells with HIV results in the dc novo expression 
of FasL and that FasL mediates HIV-induced apoptosis (Badicy, A.D. et ai, J. Virol. 7(9:199- 
206 ( 1996)). Funher the TNF-family ligand was detectable in uninfected macrophages and its 
35 expression was upregulated following HIV infection resulting m selective killing of uninfected 
CD4 T-lymphocytcs TBadicy. A.D et a/.. J. Virol. 70:]99-206 (1996)). Thus, by tlie 
invention, a method for treating HIV* individuals is provided which involves administering 
soluble TRID (e.g., the extracellular domain) or an agonist of the present invention to reduce 
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sciecnve killing o: CD4 T-lymphocyic. Moacs of administration and dosages ai'e discussed m 
detail below. 

In rejecuon of an alJografL, the immune system of the recipient animal has not 
previously been pnmed to respond because the immune system for the most part is only pnmed 
by environmental antigens. Tissues from other members of the same species have not been 
presented m the same way that, for example, viruses and bactena have been presented, in the 
case of allograft rejection, immunosuppressive regimens arc designed to prevent the immune 
system from reaching the effector stage. However, the immune profile of xenograft rejecuon 
may resemble disease recurrence more that allograft rejection. In the case of disease 
recurrence, the immune system has already been activated, as evidenced by desuaiction of the 
native islet cells. Therefore, in disease recurrence the immune system is already at the effector 
stage. Antagonist of the present invention are able to suppress the immune response to both 
allografts and xenografts because lymphocytes activated and differentiated into effector cells 
will express TNFR polypeptides, and thereby are susceptible to compounds which enhance 
TNFR activity. Thus, the present invention further provides a method for creaung immune 
privileged tissues. Agonist of the invention can funher be used m the u-eatmeni of 
Inflammator}' Bowel-Discasc. 

Formulations 

The TRAD polypeptide composition will be formulated and dosed in a fashion consistent 
with good medical practice, taking into account the clinical condition of the individual pauent 
(especially the side effects of treatment with TRID polypeptide alone), the she of delivery of the 
TRID polypeptide composition, the method of administration, the scheduling of administration, 
and other factors known to practitioners. The "effective amount" of TRID polypeptide for 
purposes herein is thus determined by such considerations. 

As a general proposition, the total pharmaceuiically effective amount of TRID 
polypeptide admmistered parenteraliy per dose will be m the range of about 1 |ig/kg/day to 10 
mg/kg/day of patient body weight, although, as noted above, this will be subject to therapeutic 
discretion. More preferably, this dose is at least 0.01 mg/kg/day. and most preferably for 
humans between about 0.01 and 1 mg/kg/day for the hormone. If given continuously, the 
TRID polypeptide is typically administered at a dose rate of about 1 ^g/kg/hour to about 50 
Ug/kg/hour, either by 1-4 injections per day or by continuous subcutaneous infusions, for 
example, using a mmi-pump. An intravenous bag solution may also be employed. The length 
ot u-eatment needed to observe changes and the inter\'al following ueatment for responses to 
occur appears to vary depending on the desired effect. 

Pharmaceutical qfompositions containing the TRID of the invention may be adrmnistered 
orally, rectally. parenteraliy, intracistemally, mtravaginaliy. mtrapentoneally, topically (as by 
powders, ointments, drops or transdermal patch), bucally. or as an oral or nasal spray. By 
'pharmaceuticahy acceptable carrier" is meant a non-toxic solid, semisolid or liquid niier 
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dilucnu encapsulating material or formulation auxiliar\^ of any typr. The term '■parenteral' as 
used herein refers to modes of admmistration whjch mclude mtravcnous, mtr:miuscular, 
mtrapcntoneal. intrastemal, subcutaneous and intraarticular mjection and infusion. 

The TRE) polypeptide is also suitably administered b\- sustained-relcasc systems. 
Suitable examples of sustained-release composuions include scmi-permeabie polymer matnces 
m the form of shaped anicles, e.g.. films, or mirocapsules. Sustained^relea^se matnces mclude 
polylactidcs (U.S. Pat. No. 3,773,919, EP 58,481), copolymers of L-g]ulam:c acid and 
gamma-ethyl-L-glutamate (Sidman. U. et al., Biopohrners 22:547-556 (1983)j. poly (2- 
hydroxyethy] methacrylate ) (R. Langer et al., 7. Biomed. Mater. Res. 75:167-277 {1981 ). and 
R. Langer, Chem. Tech. 72:98-105 (1982)), ethylene vinyi acetate (R. Langer et al.. Id.) or 
poIy-D- (-)-3-hydroxybutync acid (EP 133,988). Sustained-release TRJD polypeptide 
compositions also include iiposomally entrapped TRID polypeptides. Liposomes containing 
TRID polypeptides are prepared by methods known per se: DE 3,2 1 8, 1 2 1 ; Epstein et al., Proc. 
Natl. Acad. Sci. fUSA) 82:3688-3692 (1985J; Hwang et al., Pro.. Natl. Acad. Sci. (USA) 
77:4030-4034 (1 980); EP 52,322; EP 36,676; EP 88,046; EP 143.949; EP 142,641; Japanese 
Pat. Appl. 83-118008; U.S. Pat. Nos. 4,485,045 and 4,544,545; and EP 102,324. 
Ordinarily, the liposomes are of the small (about 200-800 Angstroms) unilameUar type in 
which the lipid content is greater than about 30 mol. percent cholesterol, the selected proportion 
being adjusted for the optimal TNFR polypeptide therapy. 

For parenteral administration, in one embodiment, the TRJD polypeptide is formulated 
generally by mixing it at the desired degree of punty, m a unit dosage injectable form (solution, 
suspension, or emulsion), with a pharmaceutical iy acceptable carrier, i.e., one that is non-toxic 
to recipients at tlie dosages and concentrations employed and is compatible with other 
ingredients of the formulation. For example, the formulation preferably does not include 
oxidizing agents and other compounds that are known to be deleterious to polypeptides. 

Generally, the formulations :ire prepared by contacung the TRID polypeptide uniformly 
and intimately with liquid carriers or finely divided solid couriers or both. Then, if necessar>\ 
the product is shaped into the desired formulation. Preferably the carrier is a parenteral earner, 
more preferably a solution ihai is isotonic with the blood of the recipient. Examples of such 
carrier vehicles include water, salmc, Ringer's solution, and dextrose solution. Non-aqueous 
vehicles such as fixed oils and ethyl oleate are also useful herein, as well as liposomes. 

The carrier suitably contains minor amounts of additive^ such as substances that 
enhance isoionicity and chemical stability. Such materials are non-toxic to recipients at the 
dosages and concentrations cmpioyed. and include buffers such as phosphate, ciu-ate, 
succinate, acetic acid, and other organic acids or their salts: antioxidants such as ascorbic acid: 
low molecular weight Hess than about ten residues) polypeptides, e.g., polyargimne or 
tnpeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophihc 
polymers such as polyvinylpyrrolidone: ammo acids, such as glycine, glutamic acid, aspartjc 
acid, or argimnc; monosaccharides, disaccharides. and other carbohydrates includinf^ cellulose 
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or its derivatives, glucose, manose, or dexiriris: chelating agents such as EDTA; sugar alcohols 
such as maiinuol or sorbitol; counierions such as sodium: andy'or nonionic surfactants such as 
polysorbates, poioxamers. or PEG. 

The TRID polypeptide is typically fonnuiatcd m such vehicles at a conceniraiion of 
about O.i mg/ml to 100 mg/ml, preferably 1-10 ing/nil. at a pH of about 3 to 8. It will be 
understood that the use of certain of the foregoing cxcipients, carriers, or stabilizers will result 
in the formation of TRID polypeptide salts. 

TRID polypeptides to be used for therapeutic administration must be sienie. Sterility is 
readily accomplished by filtratjon through sterile filuation membranes (e.g., 0.2 micron 
membranes). Therapeutic TRID polypeptide compositions generally are placed into a container 
having a sterile access port, for example, an intravenous solution bag or vial having a stopper 
pierccablc by a hypodermic injection needle 

TRID polypeptides ordmarily will be stored in unit or mulu-dose containers, for 
example, sealed ampoules or vials, as an aqueous solution or as a lyophilized fonnulation for 
reconstitution. As an example of a lyophilized formulation, 10-ml vials are filled with 5 ml of 
sterile-filtered \% (w/v) aqueous TRID polypeptide solution, and the resulting: mixoire is 
lyophilized. The infusion solution is prepared by reconstituung the lyophilized TRID 
polypeptide using bacteriostatic Waier-for-Injection. 

The invention also provides a pharmaceutical pack or kit comprising one or more 
containers filled with one or more of the ingredients of the pharmaceutical compositions of the 
invention. Associated with such container(s) can be a notice in the form prescribed by a 
governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological 
products, which notice reflects approval by the agency of manufacture, use or sale for human 
administration, in addition, the polypeptides of the present invention may be employed m 
conjunction with other therapeuuc compounds. 

Chromosome Assays 

The nucleic acid molecules of the present mvcntion are also valuable for chromosome 
identification. The sequence is specifically targeted to and can hybridize with a particular 
location on an individual human chromosome Moreover, there is a current need for 
identifying particular sites on the chromosome. Few chromosome marking reagents based on 
actual sequence data (repeat polymorphisms) are presently available for marking chromosomal 
locauon. The mapping of DNAs to chromosomes according to ihe present mvention is an 
important first step m correlating those sequences with genes associated with disease. 

In cenain preferred embodiments in this regard, the cDNAs herein disclosed are used to 
clone genomic DNA of a TRID protein gene. This can be accomplished using a vanerv of well 
known techniques and libraries, which generally are available commercially The genomic 
DNA then is used for in siiu chromosome mapping using well known techniques for this 
purpose. 



wo 98/30693 PCT/US98/00152 

In addition, in some cases, sequences can be mapped to chromosomes by prepanne 
PCR primers (preierably 15-25 bp) from the cDNA. Computer analysis of the 3* untranslated 
region of the gene is used to rapidly select pniners that do not span more than one exon in the 
genomic DNA, thus comphcating the amphficahon process. These pnmers are then used for 
PCR screening of somatic cell hybrids containing mdividual human chromosomes. 
Fluorescence in siiu hybridization C'FISH*') of a cDNA clone to a metaphase chromosomal 
spread can be used to provide a precise chromosomal location in one step. This technique can 
be used with probes from the cDNA as shon as 50 or 60 bp. For a review of this techniaue 
see Verma ct aL, Human Chromosomes: A Mcmual Of Basic Techniques, Pergamon Press. 
New York (1988). 

Once a sequence has been mapped to a precise chromosomal location, the physical 
position of the sequence on the chromosome can be correlated with genedc map data. Such 
data are found, for example, in V. McKusick, Mendelian Inheritance In Man. available on-hne 
through Johns Hopkins University, Welch Medical Librar>\ The relationship between genes 
and diseases that have been mapped to the same chromosomal region are then idcniified 
through hnkage analysis (comhentance of physically adjacent genes). 

Next, It is necessary to determine the differences m the cDNA or genomic sequence 
between affected and unaffected individuals. If a mutation is observed in some or all of the 
affected individuals but not in any normal individuals, then the mutation is likely to be the 
causative agent of the disease. 

Having generally described the invention, the same will be more readily understood by 
reference to the following examples, which are provided by way of illustration and are not 
intended as limiting. 

Examples 

Example J: Expression and Purification of the ''His-tagged'' Extracellular form 
of TRID in E. coli 

The bactenal expression vector pQE9 (pDlO) is used for bactenal expression in this 
example. (QIAGEN, Inc., 9259 Eton Avenue, Chatsworth, CA, 91311). pQE9 encodes 
ampicilhn antibiouc resistance ("Ampr'') and contains a bactenal ongin of replication ("ori"). an 
IPTG inducible promoter, a ribosome binding site fRBS"), six codons encoding histidine 
residues that allow affinity purification using nickel-nitriJo-tri-acetic acid r'Ni-NTA") affinity 
resm sold by QiAGEN, Inc., supra, and suitable single restriction enzyme cleavage sites. 
These elements are arranged such thai an inserted DN.A fragment encoding a polypepude 
expresses that polypeptide with the six His residues (i.e.. a "6 X His tag'') covalently linked to 
the amino terminus of that polypeptide. 

The DNA sequence encoding the desired portion of the TRID protein compnsine the 
extracellular fom:i of the TRID ammo acid sequence is amplified from the deposited cDNA 
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clone using PCR oligonucleotide primers which anncaJ to sequence encoding the umino 
tenninaJ sequences of the desired ponion of the TRID protein and to carboxy lerminal 
sequences of the desired portion of the exu-acellular fom] of the TRID protein in the deposited 
cDNA. AddiuonaJ nucleoddes containing restriction sites to facilitate cloning in the pQE9 
vector are added to the 5' and 3' primer sequences, respectively. 

For cloning the extracellular form of the TRID protein, the 5' pnmer has the sequence 
5^ CGCGGATCCACCACTGCCCGGCAGGAG3\SEQ ED NO: 19) comaimng the 
underlined BamHI restnction site followed by 18 nucleotides of the amino terminal coding 
sequence of the extracellular TRID sequence m SEQ ID NO:2. One of ordinary^ skill in the an 
would appreciate, of course, that the point in the protein coding sequence where the 5' primer 
begins and where the 3' primer ends may be varied to amplify a DNA segment encoding any 
desired portion of the complete TRID protein shorter or longer than the extracellular form of the 
protein. The 3 ' pnmer has the sequence 

5' GCGTCTAGACTAGTAATGAGA.AGAGGCAGG 3' (SEQ ID NO:20) containing the 
underlined Xbal restnction site followed by 18 nucleotides complementary^ to the 3' end of 
cDNA encoding the extracellular domain of the TRID protein in Figure 1. 

The amplified TRID DNA fragment and the vector pQE9 are digested with BamHI and 
Xbal and the digested DNAs are then iigated together. Insertion of the TRID DNA into the 
restricted pQE9 vector places the TRID protein coding region downstream from the IPTG- 
inducible promoter and in-frame with an initiating AUG and the six histidine codons. 

The ligation mixture is transformed into competent E. coli cells using standard 
procedures such as those described in Sambrook et al.. Molecular Cloning: a Laboratory 
Manual 2nd Ed.: Cold Spring Harbor Laboratory Press. Cold Spring Harbor, NY (1989). E. 
colt strain M15/rep4, containing multiple copies of the plasmid pRjEP4, which expresses the lac 
repressor and confers kanamycin resistance ("Kanr"), is used in carrying out the illustrative 
example described herein. This strain, which is only one of many that are suitable for 
expressing TRTD protein, is available commercially from QIAGENJ, Inc., supra. 
Transfonnants are identified by their ability to grow on LB plates m the presence of ampicillm 
and kanamycin. Plasmid DNA is isolated from resistant colonies and the identity of the cloned 
DNA confirmed by restriction analysis. PCR and DNA sequencing. 

Clones containing the desired constructs are grown overnight ("O/N") in liquid culture 
inLB media supplemented with both ^impiciihn (100 |ig/ml) and kanamycin (25 pg/ml). The 
O/N culture is used to inoculate a large culture, at a dilution of approximately 1:25 to 1:250. 
The cells are grown to an optical density at 600 nm ("OD600") of between 0.4 and 0.6. 
Isopropyl-3-D-thiogalactopyranoside C'lPTG") is then added to a final concentration of 1 mM 
to induce transcription from the lac repressor sensitive promoter, by inactivating the laci 
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repressor. Cells subsequently are incubated further for 3 tt> 4 hours. Cells then arc harvested 
by ccntriuicaijon. 

The cells are then stirred for 3-4 hours at 4"^ C in 6M guaniduie-HCl, pH 8. The cell 
debns is removed by ccntnfugation. and the supernatant containing the TRID is loaded onto a 
ruckel-nitrilo-tri^acetic acid ("Ni-NTA") affinity resin column (available from QIAGEN, Inc., 
supra). Proteins with a 6 x His Lag bind to the Ni-NTA resin with high affinity and can be 
purified in a simple one-step procedure (for details sec: The QlAexpressionist, 1995, 
QIAGEN, Inc., supra). Briefly tlie supernatant is loaded onto the column m 6 M suanidine- 
HCl, pH 8. the column is first washed with 10 volumes of 6 M guanidine-HCT, pH 8, then 
washed with 10 volumes of 6 M guanidine-HCi pH 6, and finally the TRID is eluted with 6 M 
guanidme-HCl, pH 5. 

The purified protein is then renatured by diaiyzmg it against phosphate-buffered saline 
(PBS) or 50 mM Na-acetate, pH 6 buffer plus 200 mM NaCL Alternatively, the protein can be 
successfully refolded while immobilized on the Ni-NTA column. The recommended conditions 
arc as follows: renature using a linear 6M-IM urea gradient in 500 mM NaCl, 20% glycerol, 20 
mA^ Tris/HCl pH 7.4, containing protease inhibitors. The renauiration should be performed 
over a period of 1.5 hours or more. After renaturation the proteins can be eluted by the 
addiuon of 250 mM immidazolc. Immidazole is removed by a final dialyzing step against PBS 
or 50 mM sodium acetate pH 6 buffer plus 200 mM NaCl. The purified protein is stored at 4^' 
C or frozen at -80' C. 

Example 2: Cloning and Expression of TRID in a Baculovirus Expression 
System 

In this illustrative example, the plasmid shuttle vector pA2 is used to mscrt the cloned 
DNA encoding complete protein, including its naturally associated secretory^ sienal (leader) 
sequence, into a baculovirus to express the mature TRID protein, using standard methods as 
described in Summers et at. , A Manual of Methods for Baculovirus Vectors and Insect Cell 
Culture Procedures. Texas Agricultural Experimental Station Bulleun No. 1555 (1987 ). This 
expression vector contains the strong polyhednn promoter of the Autographa califomica 
nuclear polyhedrosis virus (AcMNPV) followed by convenient resmction sites such as BamHI, 
Xba I and Asp718. The polyadenylation site of the simian virus 40 C"SV40") is used for 
efricient polyadcnylanon. For easy selection of recombinant virus, the plasmid contains the 
beta-gaiactosidase gene from E. coli under control of a weak Drosophila promoter in the same 
orientation, followed by the polyadenylation signal of the polyhednn gene. The inserted senes 
arc flankec on both sides by viral sequences fc^r ccli-mcdiatcd homologous recombination with 
wild-type viral DNA to generate a viable virus that express the cloned polynucleotide 
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Many other baculovirus vectors could be used m place of the vector above, such as 
pAc373. pVL941 and pAcIML as one skilled in the an would readily appreciate, as long as the 
construct provides appropriately located signals for transcription, translation, secretion and tlie 
like, including a signal peptide and an m-framc AUG as required. Such vectors are described, 
for instance, in Luckow et al.. Virology 170:31-39 (1989). 

The cDNA sequence encoding the full length TRID protein :n a deposited clone, 
including the AUG inination codon and the naturally associated leader sequence shown m SEQ 
ID NO:2 is amphfied using PGR oligonucleotide primers corresponding to the 5' and 3' 
sequences of the gene. The 5^ primer for TRID has the sequence 

5^ CGCTCTAGACCGCCATCATGGCCCGGATCCCCAAG 3^ fSEQ ID NO:21 ) containing 
the underlined Xbal restriction enzyme site. The described primers encode an efficient signal 
for initiation of u-anslation in eukaryotic cells, as described by Kozak, M., J. MoL BioL 
796:947-950 (1987). The 3' pnmer for TRID has the sequence 

5' GCGTCTAGACTAGTAATGAGAAGAGGCAGG 3' (SEQ ID NO:22) contamm- the 
underhned Xbal restriction site. 

Tlie amplified fragment is isolated from a 1% agarose gel using a commercially 
available kit ("Geneclean," BIO 101 Inc., La Jolla, Ca,). The fragment then is digested with 
the appropriate restriction enzyme for each of the primers used, as specified above, and again is 
purified on a 1 % agarose gel. 

The plasmid is digested with the same restricuon enzymes and optionally, can be 
dephosphor>dated using calf intestinal phosphatase, using roudne procedures known in the art. 
The DNA is then isolated from a 1% agarose gel using a commercially available kit 
("Geneclean" BIO 101 Inc.. La Jolla, Ca.). 

The fragment and dephosphorvdated plasmid are Ugated together with T4 DNA lisase. 
£. coliBBlOl or other suitable E, coll hosts such as XL-1 Blue CStatagene Cloning Systems, 
La Jolla, CA) cells are transformed with the ligation mixture cind spread on culture plates. 
Bactena are idenufied that contain the plasmid with the human TNF receptor gene by dioestmq 
DNA from individual colonies using the enzymes used immediately above and then analyzing 
the digestion product by gel electrophoresis. The sequence of the cloned fragment is confumed 
by DNA sequencing. This plasmid is designated hercm pA2-TRID. 

Five }ig of the plasmid pA2-TRID is co-transfected with 1.0 jag of a commerciallv 
available Imcanzed baculovirus DNA ("BaculoGold™ baculovirus DNA", Pharmingen. San 
Diego, CA), using the hpofecnon method described by Feigner et ah, Proc, Natl Acad. Sci. 
USA 84: 7413-7417 (1987). One of BaculoGold'^'^ virus DNA and 5 )ig of the plasmid 
pA2-TNFR are mixed in a sterile well of a microtiter plate containing 50 \il of serum-free 
Grace's medium (Life Technologies Inc., Gaithersburg. MD). Afterwards, 10 ul Lipofectin 
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plus 90 }x\ Grace's medium are added, mixed and incubated for 13 minutes at room 
temperature. Then the transfection mixture is added drop-wise lo Si'9 insect cells (ATCC CRL 
1711 ) seeded in a 35 mm tissue culture plate with 1 ml Grace s medium without serum, Tne 
plate is then incubated for 5 hours at 27^' C. The transfection solution is then removed from the 
plate and 1 ml of Grace's insect medium supplemented with 107^^ fctaJ calf serum is added. 
CuUivation is then continued at 27^ C for four days. 

After four days, the supernatant is collected and a plaque assay is performed, as 
described by Summers and Smith, supra. An agarose gel with "Blue Gal" (Life Technolosies 
inc., Gaithcrsburg) is used to allow easy identification and isolation of gal-expressing clones, 
which produce blue-stamed plaques. (A detailed description of a "plaque assay" of this t>pe 
can also be found in the user's guide for insect cell culture and baculovirology distributed by 
Life Technologies Inc.. Gaithersburg, page 9-10). After appropriate incubation, blue stained 
plaques are picked with the tip of a rmcropipettor (e.g.. Eppendorf). The agar containing the 
recombinant vimscs is then resuspended in a microcentrifuge tube containing 200 |il of Grace's 
medium and the suspension containing the recombinant bacuiovirus is used to infect Sf9 cells 
seeded in 35 mm dishes. Four days later, the supematants of these culture dishes are harvested 
and then they are stored at 4"^ C. The recombinant virus is called V-TRJD. 

To verify the expression of the V-TRID, Sf9 cells are grown m Grace's medium 
supplemented with 10% hcat-mactivated FBS. The cells are infected with the rccombmant 
bacuiovirus V-TRID at a multiplicity of infection ("MOI") of about 2. If radiolabeled protems 
are desired, 6 hours later the medium is removed and is replaced with SF900 II medium minus 
methiomne and cysteine (available from Life Technologies Inc.. Rockville, MD). After 42 
hours, 5 uCi of -'S-methionine and 5 |iCi ^"^S-cysteme (available from Amersham) are added. 
The cells ai'e further incubated for 16 hours and then are harvested by centrifusration. The 
proteins in the supernatant as well as the intracellular proteins ^ire analyzed by SDS-PAGE 
followed by autoradiography (if radiolabeled). 

Microsequcncing of the ammo acid sequence of tht^ amino terminus of purified protein 
may be used to determine the amino terminal sequence of the mature protein and thus the 
cleavage point and length of the secretory signal peptide. 

Example 3: Cloning and Expression of TRID in Mammalian Cells 

A typical mammalian expression vector contains the promoter element, which mediates 
Liie inhiadon of transcnption of mRNA, die protein coding sequence, and signals required for 
tlie termination of transcription and polyadenylation of the transcript. Additional elements 
include enhancers. Kozak sequences and intcr\'ening sequences Hanked by donor and acceptor 
sites for RNA splicing. Highly efficient u-anscription can be achieved with the early and late 
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promoters from SV40, the long terminal repeats (LTRs;) from Retroviruses, e.s:., RSV. 
HTLVl, HIVI and the early promoter of the cytomegalovirus (CMV). However, cellular 
elements can also be used (e.g., the human actin promoter). Suitable expression vectors for 
use in practicing the present mvention include, for example, vectors such as pSVL and pMSG 
(Pharmacia, Uppsala, Sweden), pRSVcat (ATCC 37152), pSV2dhfr (ATCC 37146) and 
pBC12MI (ATCC 67109). Mammalian host cells that could be used include: human Hela 293, 
H9 and Jurkat ceils, mouse NIH3T3 and CI 27 cells. Cos 1, Cos 7 and CVl, quail QC 1-3 
cells, mouse L cells and Chinese hamster ovary (CHO) cells. 

Alternatively, the gene can be expressed m stable cell lines that contain the gene 
integrated into a chromosome. The co-transfection with a selectable marker such as dhfr, gpt, 
neomycin, hygromycin allow^s the identification and isolation of the transfected cells. 

The transfected gene can also be amplified to express large amounts of the encoded 
protein. The dihydrofolate reductase (DHFR) marker is useful to develop cell lines that carry 
several hundred or even several thousand copies of the gene of interest. Another useful 
selection markeris the enzyme glutamme synthase (GS) (Murphy ei al., Biachem J. 227:277- 
279 (1991); Bebbington et al.. Bio/Technology 10:169-115 (1992)). Using these markers, the 
mammahan cells are grown in selective medium and the cells with the highest resistance are 
selected. These cell hnes contain the amphfied genc(s) integrated into a chromosome. Chinese 
hamster ovary (CHO) and NSO cells are often used for the production of proteins. 

The expression vectors pCl and pC4 contain the strong promoter (LTR) of the Rous 
Sarcoma Virus (Cullen et al. Molecular and Cellular Biology, 438-447 (March, 1985)) plus a 
fragment of the CMV-enhancer (Boshart et al, Cell 41:521-530 (1985)). Multiple cloning 
sues, e.g., with the restriction enzyme cleavage sites BamHT, Xbal and Asp718, facilitate the 
cloning of the gene of interest. The vectors contain in addition the 3^ intron. the 
polyadenylation and termination signal of the rat preproinsulin gene. 

Example 3(a): Cloning and Expression in COS Cells 

The expression plasmid, pTRID-HA, is made by cloning a cDNA encoding TRID into 
the expression vector pcDNAI/Amp or pcDNAIII (which can be obtained from Invitrogcn, 
Inc. }. 

The expression vector pcDNAI/.Amp contains: (1) an E. coll origin of replication 
effective for propagation in E. coli and other prokaryotic cells; (2) an ampicillin resistance ^^ene 
for selection of pi asmid -con taming prokarv-otic cells; (3) an SV40 origin of replication for 
propagation in eukaryotic cells; (4) a CMV promoter, a polylinker, an SV40 intron; (5) several 
codons encoding a hemagglutinin fragment (i.e., an "HA'^ tag to facilitate purification) followed 
by a termination codon and polyadenylation signal arranged so that a cDNA can be 
conveniently placed under expression control of the CMV promoter and operably linked to the 
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SV40 iniron and the polyadenylation signal by means of leslnction sites in the polyhnkcr. The 
HA tag corresponds lo an epitope derived from the influenza heniagglutinin proiem describee! 
by Wilson et aL, Cell 37: 161 (1984). The fusion of the HA tag to the target protein allows 
easy detection and recover}' of the recombnianl protein with an antibody that recosnizes the HA 
epitope. pcDNAIII contains, in addition, the selectable neomycin marker. 

A DNA fragment encoding the TRIT) is cloned into the polyiinker region of the vector 
so that recombinant protein expression is directed by tne CMV promoter. The plaismid 
construction strategy is as follows. Tne TRID cDNA of the deposited clone is amphfied using 
primers that contain convenient restriction sues, much as described above for construction of 
vectors for expression of a TNF receptor in E. coli. Suitable primers include the following, 
which are used in tins example. The 5' pnmcr for TNFR-5, containing the underlined EcoRI 
site, has the following sequence: 5' CGCGAAHCCGCCATCATGGCCCGGATCCCCAAG 
3' (SEQ ID NO:23). The 3' primer, containing the underlined Xbal site, has the following 
sequence- 5' GCGTCTAGAGTAATGAGAAGAGGCAGG 3^ (SEQ ID NO;24). 

The PGR amplified DNA fragment and the vector. pcDNAI/Amp, are digested with 
Xbal and EcoRJ and then ligated. The ligation mixture is transformed into £. coli strain SURE 
(available from Stratagene Cloning Systems, 11099 North Torrey Pines Road, La Jolla, CA 
92037), and the transformed culture is plated on ampicilhn media plates which then are 
incubated to allow growth of ampicillm resistant colonies. Plasmid DNA is isolated from 
resistant colonies and examined by restriction analysis or other means for the presence of the 
fragment encoding the TRID polypeptide. 

For expression of recombinant TRID, COS cells are transfected with an expression 
vector, as described above, using DEAE-DEXTRAN, as described, for instance, in Sambrook 
et ai. Molecular Cloning: a Lahoratofy Manual Cold Spring Laboratory Press, Cold Spring 
Harbor, New York (1989). Cells are incubated under conditions for expression of TRID by 
the vector. 

Expression of tlie pTRED-HA fusion protein is detected by radiolaI:>eline and 
immunoprecipitation, using methods described in, for example Harlow ct aL, Antibodies: A 
Laboratory Manual, 2nd Ed.\ Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
New York (1988). To this end, two days after transfection. the cells are labeled by incubation 
in media containing ""S-cysteine for 8 hours. The cells and the media aic collected, and the 
cells arc washed and the lysed with detergent-containing RIPA buffer: 150 mM NaCl, 1 NP- 
40. 0.1% SDS, V7v NP-40. DOC, 50 iiiM TRIS, pH 7.5, as described by Wilson et ah 

cited above. Proteins are precipitated from the cell iysate and frorn the culture media using an 
HA-specific monoclonal antibody. The precipitated orotems then are analyzed by SDS-PAGE 
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and autoradiography. An expression product vi' the expected size is seen in the celJ lysate, 
which IS not seen in negative conirois. 

Example 3(b): Cloning and Expression in CHO Cells 

The vector pC4 is used for the expression of TRID polypeptides. Piasmid pC4 is a 
derivative of the plasxnid pSV2-dhfr ( ATCC Accession No. 37146.}. The piasnud contains ihc 
mouse DHFR gene under control of the SV40 early promoter. Chinese hamster ovary- or other 
cells Jacking dihydrofolate activity that ai-e transfected with these piasmids can be selected by 
growing the cells in a selective medium (alpha minus MEM, Life Technologies) supplemented 
With the chemotherapeutic agent methotrexate. The amplificauon of the DHFR genes in cells 
resistant to methotrexate (MTX) has been well documented (see, e.g., Alt, F. W., Keliems, R. 
M., Bertmo, J. R., and Schimke, R. T., 1978. 7. Biol. Chem. 255:1357-1370, Hamlin, J. L. 
and Ma. C. 1990. Biochem. et Biophys. Acta, 7(^97; 1 07-143. Page, M. J. and Sydenham, M. 
A. 1991, Biotechnology 9:64-68). Cells grown in increasing concenU-aiions of MTX develop 
resistance to the drug by overproducing the target enzyme, DHFR. as a result of amplification 
of the DHFR gene. If a second gene is linked to the DHFR gene, it is usually co-ainplified and 
over-expressed. It is known in the art that this approach may be used to develop cell Unes 
carrying more than 1,000 copies of the amplified gene(s). Subsequently, when the 
methotrexate is withdrawn, cell lines are obtained which contain the amplified gene inteerated 
into one or more chromosome(s) of the host cell. 

Plasmid pC4 contains for expressing the gene of interest the strong promoter of the 
long teniiinal repeat (LTR) of the Rous Sarcoma Virus (Culien et al.. Molecular and Cellular 
Biology 5:438-447 (1985) plus a fragment isolated from the enhancer of the immediate early 
gene of human cytomegalovirus (CMV) fBoshart et ah, C^'// ^7:52 F530 (] 985) ). Downstream 
of the promoter arc the following single restriction enzyme cleavage sites that allow the 
integration of the genes: BanxHI, Xba I, and Asp7I8. Behind these cloning sites the piasmid 
contains the 3' intron and polyadenylation site of the rat preproinsuim gene. Other hish 
efficiency promoters can akso be used for the expression, e.g., the human 6-actin promoter, the 
SV40 early or late promoters or the long terminal repeats from other retroviruses, e.g., HIV 
and HTLVl. Clontech's Tet-Off and Tet-On gene expression systems and similar systems can 
be used to express the TRID receptor polypeptide in a regulated way in mammalian cells 
(Gossen, M.. & Bujard, H. 1992. Proc. Natl. Acad. Sci. USA 89:5547-5551). For the 
polyadenylation of the mRNA other signaL^, e.g.. from the human growth hormone or giobm 
genes can be used as well. Stable cell lines carrying a gene of interest integrated into the 
chromosomes can also be selected upon co-transfection with a selectable marker such as ept. 
G418 or hygromycin. It is advantageous to use more than one selectable marker in the 
beginning, e.g.. G418 plus methotrexate. 
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The plasmid pC4 is dieested with the rcstricLion enzymes appropriaic for the specific 
primers used to amplify TRK) as outhned belou and then dephosphory^lated usinc calf 
intestinal phosphates by procedures known in the art. The vector is then isolated from a 1% 
agarose gel. 

The DNA sequence encoding the TRID polypeptide is amplified using PGR 
oligonucleotide primers corrcspondmg to the 5" and 3* sequences of the desired portion of the 
gene. The 5' pnmer for TRID containing the underlined Xbal sue, has the following sequence: 
5' CGCICrAGACCGCCATCATGGCCCGGATCCCCAAG3' (SEQ ID NO:25j. 

The 3' prmier for TRID, contaimng the underlined Xbal site, has the following 
sequence: 5' GCGTCTAGACTAGTAATGAGAAGAGGCAGG 3' (SEQ ID NO:26). 

The amplified fragment is digested with the endonucleases whjch will cut at the 
engineered restriction sne(s) and then purified again on a ]% agarose gel. The isolated 
fragment and the dephosphorylated vector are then hgated with T4 DNA ligase. E. coli HBIO] 
or XL-1 Blue cells are then transformed and bactena are identified that contain the fragment 
inserted into plasuiid pC4 using, for instance, restriction enzyme analysis. 

Chinese hamster ovary cells lacking an acuve DHFR gene arc used for transfection. 
Five \ig of the expression plasmid pC4 is couansfected with 0.5 |ig of the plasmid pSVneo 
using lipofectm (Pelgner et al.. supra). The plasnud pSV2-neo contains a dominant selectable 
marker, the neo gene from Tn5 encoding an enzyme that confers resistance to a group of 
antibiotics including G4IS. The cells are seeded in alpha minus MEM supplemented with 1 
mg/ml G418. After 2 days, the cells are trypsinizcd and seeded in hybridoma cloning plates 
(Greiner. Germany) in alpha minus MRM supplemented with 10, 25, or 50 ns/ml of 
metothrexate plus 1 mg/ml G41S. After about 10-14 days, single clones are ti^ypsinized and 
then seeded in 6-well petri dishes or 10 mi Hasks using different concentrations of methotrexate 
(50 nM, 100 nM. 200 nM. 400 nM. 800 nM). Clones growing ai the highest concentrations of 
methou-exate are then transferred to new 6-weiI plates containing even higher concentrations of 
methou^xate (T uM, 2 ^M, 5 ^M. 10 mM. 20 mMj. The same procedure is repeated until 
clones arc obtained which grow at a concentration of 100 - 200 jiM. Expression of the desired 
gene product is analyzed, for instance, by SDS-PAGE and Western blot or by reversed phase 
HPLC analvsis. 



Example 4: Tissue distribution of TRID rriRNA expression 

Northern blot analysis was carried out to exammeTRTD gene expression in human 
tissues, usmg methods described by. among others, Sambrook et al.^ cited above. A cDNA 
probe contaimng the entire nucleotide sequence of the TRID protein (SEQ ID NO:l) was 
labeled with using the rcdipnm^™ DNA labelme svstem (Amer,sham Life S-ien^e) 
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according to manuiacturei 's instruciions. After labeling, the probe was purified using a 
CHROMA SPlN-^100™ column fClontcch Laboratories, 1 nc), accordiriLi to manufacturers 
protocol number PT 1200-1. The purified labeled probe was then used to examine various 
human tissues for TRJD mRNA. 

Multiple Tissue Northern (MTN) blots containing various human tissues (Hj or human 
imiTiune system ussues (IM) were obtained from Clontech (Palo Aito, CA) and examined with 
labeled probe using ExpressHyb™ hybridization solution (Clontech) accordine to 
manufacturer's protocol number PTl 190-1. Following hybridizauon and washing:, the blots 
were mounted and exposed to film at overnight. The films were developed according to 

standard procedures. Expression of TRID was detected m many normal human tissues, such as 
heart, brain, placenta, lung, liver, kidney, pancreas, spleen, thymus, peripheral blood 
leukocytes (PBLsj. lymph node, bone marrow, and fetal liver, but not in most transformed 
cancer cell lines. 

Expression of TRID w^as also assessed by Northern blot in the followim: cancer cell 
lines, HL60 (promyeiocytic leukemia), Hcla cell S3, K562 (chronic myelogeneous leukemia), 
MOLT4 (iymphoblasi leukemia), Raji (Burkitt\s lymphoma), SW480 (colorectal 
adenocarcinoma), A549 (lung carcinoma), and G361 (melanoma), and was delected in only 
SW480 and Hela cell S3. 

Example 5 

The Extracellular Domain of TRJD Binds the Cytotoxic Ligand- TRAIL, 
Blocks TRAIL'Induced Apoptosis 

As discussed above, TRAIL/ Apo2L is a cytotoxic ligand that belongs to the tumor 
necrosis factor (TNF) ligand family and induces rapid cell death of many transformed cell lines, 
but not normal tissues, despite its death domain containing receptor, DR4, being expressed on 
both cell types. This example identifies an antagonist decoy receptor, designated "TR.AIL 
Receptor Without Intracellular Domain" or "TRID". that also binds TRAIL and may in part 
explain the resistant phenotype of normal tissues. That is, TRID, an antagonistic receoior, 
binds and sequesters TRAIL, but is incapable of transducing an intracellular signal. 

Gi ven the similarity of the extracellular ligand binding cvsteine-rich domains of TT^XD 
and DR4, the present inventors theorized that TRID would also bind TRAIL. To confirm this, 
the soluble exu-acellular hgand binding domain of TRTD was expressed as a fusion to the Fc 
ponion of human immunoglobulin (IgG). 

As shown in Fig. 5a, TRID-Fc specifically hound TRAIL, but not the related cytotoxic 
ligand TNFa. In this experiment, the Fc-extracellular domains of TRID. DR5, DR4. or 
TNFRl and the corresponding ligands were prepared and binding assays performed as 
descnbed in Pan et ai, Scie?ice 276:1 1 1 (1997). The respective Fc-fusions were precipitated 
with protein G-Seph:irose and co-prccipitatcd soluble iicands were detected by immunoblottin^^ 
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with anti-Fiag (Babco) or anii-myc-HRP (BMB). l^he bottom panel of Fig. 5A shows tiie 
input Perfusions present m the binding assays. 

Additionally, TRID-Fc blocked the abihry of TRAIL to induce apoptosis (Fie. 5B). 
MCF7 cells were treated with soluble TR.AIL (200 ng/mJ) in the presence of equal amounts of 
Fc-fusions or Fc alone. Six hours later, cells were fixed and examined as desribed in Pan et 
ah. Id. The data (mean ± SD) shown in Fig. 5B are the percentage of apoptoiic nuclei among 
total nuclei counted (n=4). 

Further, TRJD-Fc had no effect on TNFa-induced apoptosis under conditions where 
TNFRl-Fc completely abolished TKFa killing (Fig 5C). MCF7 cells were treated with TNFa 

(40 ng/ml; Genentech, Inc.) in the presence of equal amounts of Fc-fusions or Fc alone. 
Nuclei were stained and examined 11-15 hours later. 

Example 6 

TRID Protects Cells from TRAIL-lnduced Apoptosis 

As shown in Fig. 6, cells expressing TRID were protected from TR.AIL-induced 
apoptosis as were cells expressing the viraJly encoded caspase inhibitor CniiA. 

Given the absence of an intracellular signalling domain, it was likely that native TRID 
could itself similarly attenuate TRAIL-induced cell death. This was confirmed by asking if 
overexpression of native TRID in TRAEL-sensitive cells (MCF7} would protect them from 
TRAIL-induced apoptosis. Overexpression of TRID by itself did not induce apoptosis. 
However, when the cells were exposed to TRAIL, cells expressing TRID were as protected 
from TRAEL-induced apoptosis as were cells expressing the viraJJy encoded caspase inhibitor 
CrmA (Fig. 6). 

MCF7 cells were transfected with TRID, or CrmA expression construct or vector alone 
together with a b-Gal reporter construct. Twenty four hours after transfection, TRAIL was 
added at 50 ng/ml and 100 ng/ml. Six hours later, cells were stained with X-gal as previously 
described (A.M. Chinnaiyan. et ai. Cell 8L 505-12 (1995); M.P. Boldin, et al. J Biol Chem 
270. 7795-8 (1995); F.C. Kischkei. et uL, EMBO 14, 5579o588 (1995)), and examined 
microscopically. 

Taken together, these findings are consistent with a guardian roic for TRID that allows 
normal tissues to withstand the potentially deleterious effects of consLituiively expressed 
TRAIL. 

The new identitlcation of the antagonist decoy receptor TK]D as a receptor for TRAIL 
adds funher complexity to the biology of TR.AIL-initiated signal u-ansduction. 

ri 
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]t will be clear that the invention may be practiced otherwise than as particularly 
described m the foregoing description and examples. Numerous modifications and variauons 
of the present invention are possible in light of the above teachings and, therefore, are within 
the scope of the appended claims. 

The entire disclosure of all publications (^including patents, patent applications, journal 
articles, laboratory' manuals, books, or other documents) cited herein are hereby incorporated 
by reference. 
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SEQUENCE LISTING 



(1) GEMER^J. INFORMATION: 

(1) J^JTLICAITT : WEI, YII^IG-m , et al . 



(11) TITLZ OF INVEJTriCN; TUMOR MECROSIS FACTOR F^CEPTOR 5 



(ill) trjMEER OF SEQUENCES: 26 
I IV) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: HUMAN GENOKE SCIEN'CES, INC. 
{E} STREET: 941C KEY WEST AVENUE 

(C) CITY: ROCKVlILiLE 

(D) STATE: 

(E) COUNTRY; US 
CF) ZIP; 20850 

(v) COMPUTER RE.ADABLE FORM: 

;A) medium TYPE: Floppy disk 

(B) COMPUTER: IBM PC conpatible 

(C; OPERATING SYSTEM: PC-DOS/KS-DCS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.30 

(vi) cuRRE^r^ application data: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: BROOKES, ANDERS A 

(B) REGISTRATION NUMBER: 35,373 

(C) REFERENCE /DOCKET NUMBER: PF341 

;ix) TELECOMMUNICATION INFORM?iTI0N : 
(A) TELEPHONE: (301) 305-8504 
tB) TELEFAX: (301) 309-E512 



(2) INFORMATION FOR SEQ ID N0:1: 

( 1 I SECUEtJCE CHARACTERISTICS : 

(A) LENGTH: 13 92 base pairs 
(E) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(ix) FEATURE: 

(A) NAME/KE^': CDS 

(3) LOCATION: 1B3 . . 959 



(XI) SEgUEtJ::E description: SE^ id NO:l: 
CCTCTCCACG CGCACGAACT CAGCCAACGA TTTCTGATAG ATTTTTG3G;;- GTTTGACCAG 60 

r/ 
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A:iA'":'G-::AAG3 GGTGAAGGA3 CGCTTCCTAC CGTTAGGGAA CTCTG03-'5AL' AGAC/JGCCCC 12 c 

G3CCGrCTGA TG3CCGAGGC AGGGTCCGAC C-CAGGACCCA GGACGG-rCTC GG::;AACC:ArA 18 0 

CC ATG GCC CG3 ATC CCC A.^\G ACC CTA AAG TTL' GTC GTC GTC ATT GTC 22 7 

Me:, Ala pji:g lie Pro l^ys Tnr Leu Lys Phe Val Val Val rie Val 
-26 -25 -20 -15 

GC3 GTC CTG CTG C'2A GTC CTA GCT TAC TCT GCC ACC ACT GCC CG3 CAG 27 5 

Ala Val Leu Leu Pro Val Leu Ala T^.^r Ser Ala Tnr Tnr Ala Arg Gin 
-10 -5 -11 5 

G/\G GA.z^ GTT CCC CAG CAG ACA GTG GCC CCA CAG CAA CAG AGG GAC AGC 323 
Glu Glu Val Pro Gin Gin Tnr Val Ala Pro Gin Gin Gin Arg His Ser 
10 15 20 

TTC AAG GGG GAG GAG TGT CCA GCA GGA TCT CAT AGA TCA GAA CAT ACT 371 
Phe Lys Gly Glu Glu Cys Pro Ala Gly Ser His Arg Ser Glu His Thr 
25 30 35 

GGA GCC TGT AAC CCG TGC A.CA GAG GGT GTG GAT TAC ACC AAC GCT TCC 419 
Gly Ala C>^s Asn Pro Cys Tnr Glu Gly Val Asp l^-r Thr Asn Ala Ser 
40 45 50 

AAC AAT GAA CCT TCT TGC TTC CCA TGT ACA GTT TGT A7iA TCA GAT CAA 467 
Asn Asn Glu Pro Ser C>^s Phe Pro Cyc Tnr Val Cy^s Lys Ser Asp Gin 
55 60 65 

AA^. CAT AAA AGT TCC TGC ACC hTG ACC AGA GAC ACA GTG TGT CAG TGT 515 
Lys His Lys Ser Ser Oys Thr Me^ Thr Arg Asp Thr Val C\'S Gin CVs 
70 75 80 

AAA GAA GGC ACC TTC CGG AAT GAA AAC TCC CCA GAG ATG TGC CGG AAG 563 
Lys Glu Gly Thr Phe Arg Asn Glu Asn Ser Pre Glu Met C\^s /vrg Lys 
85 90 95 

TGT AGC AGG TGC CCT AGT GGG GAA GTC CAA GTC AGT AAT TGT ACG TCC 611 
Cys Ser Arg Cys Pro Ser Gly Glu Val Gin Val Ser Asn C:,^s Thr Ser 
100 105 110 

TG3 G^T GAT ATC CAG TGT GTT GAA GAA 'TTT GGT GCC A/.T GCC ACT GTG 65 9 

Trp Asp Asp lie Gin C>'S Val Glu Glu Pne Gly Ala Asn Ala Thr Val 
115 120 125 

GAA ACC CCA GCT GCT GAA GAG ACA ATG AAC ACC AGC CCG GGG ACT CCT 7 07 

Glu Thr Pro Ala Ala Glu Glu Thr Met Asn Thr Ser Pro Gly Tnr Pro 
130 135 140 

GCC CCA GCT GCT GAA GAG ACA ATG AAC ACC AGC CCA 'GGG ACT CCT GCC 755 
Ala Pro Ala Ala Glu Glu Tnr Met Aj^n Tnr Ser Pro Gly Thr Pro Ala 
145 150 155 

CCA GCT GCT G/^ GAG ACA ATG ACC ACC AGC CCG GG3 ACT CCT GCT CCA 803 
Pro A^a Ala Glu Glu Thr Met Tnr Tnr Ser Pro Gly Thr Pre Ala Pro 
160 165 170 

GCT G2T GAA GAG ACA ATG ACC ACC AGC CCG GGG ACT CCT GCC CCA GCT 851 
Ala Aia Glu Glu Thr Met Thr Thr Ser Pro Gly Trur Pro Ala Pr~j Ala 
175 180 185 

GCT GAA GAG ACA ATG ACC ACC AGC CCG GGG ACT CCT GCC TCT TCT CAT 8 99 

Ala Glu Glu Tnr Met Tnr Thur Ser Pro Gly Tiir Pro Ala Ser Ser His 



wo 98/30693 PCT/US98/00152 

190 195 200 

TAC CTC rZrZ ACC ATC C-TA Q3G ATC AlA GTT CTA ATT CTL' CTT CTG 94 7 

7^rL- Leu Ser C\^s Thr lie Val Gly lie lie Voil Leu lie Val Leu Leu 
2C5 21C 215 

ATT GTG TTT GTT TGAAAGACTT CACTGTGGAA GAAATTCCTT CCTTACCTGA 99 9 
lie Val Pne Val 
22C 

AAGGT^CAGG TAGGCGCTGG CTGAGGGC^GG GGGGC'GCTGG ACACTCTCTl- GCCi*GCCTCC 105 9 

CTGTGCTGTG TTCCCACAGA CAGAAACGCC TGCCC CTCCC CCAAGTCCTG GT"TGTCCAG 1119 

CCTGGCTCTA TCTTCGTC'^ TGTGATCGTC CCATCCC'GAC ATCGGGTGCA CCCCCCAGGA 117 9 

CCCTGGTCTC ATCAGTCCCT CTCCrTGGA^C TGGGGGTCCA CACATCTCCC AGCCAAGTCC 123 9 

AAGAGGCAGG GCCAGTTGCT CCCATCTTCA 'GGCCCAGCCA GGCAGGGGGC AGTCGGCTCC 12 99 

TCA.ACTGGGT GACAAGGGTG AGGATGAGAA GTGGTCACGG GATTTATTCA G::GTTGGTCA 13 59 

GAGCAGAACA CAGAGATTTT CCGTGAAAAA AAA 13 92 



( 2 ) INFCRI-IATION FOR SEQ ID NO ; 2 : 

(1) SEQUETJCE CKARACTEKI5TICS : 

(A) LENGTH: 2 59 airlno acids 

(B) TYPE: amino acid 
(D) TOPOLOGY; linear 

ill) MOLECULE TYPE: protein 

(xil SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Me:: Ala Arg lie Pro Lys Thr Leu Lys ?he Val Val Val He Val Ala 
15 10 15 

Val Leu Leu Pro Val Leu Ala T^-r Ser Ala Thr Thr A.la Arg Glr. Glu 

20 25 50 

Glu Val Pro Gin Gin Thr Val Ala Pro Gin Gin Gin Arg H:s Ser Phe 
35 40 45 

Lys Giy Glu Glu O/s Pro Ala Gly Ser His Arg Ser Glu His Thir Gly 
50 55 60 

Ala Cys J^^n Pro Cys Thjr Glu Gly Val Tyr Thr Asn Ala Ser Asn 

6B 70 75 BO 

Asr G_u Pro Ser Cys Phe Pro Cys Thr Val Cys Lys Ser Asp Gin Lys 
85 9 0 95 

His L's's Ser Ser C:/s Thr Met Tru Arg Asp Thr Val CVs G^n Cys Lys 
IQj 105 110 

Glu Gly Thr Pne Arg .Asn Glu Asn Ser Pro Glu Met Cys Arg Lys Cyc- 
lic 12 0 125 

Ser Arg Cys pj o Ser Gly Glu Val Gin Val Ser Asn CV^ Tr^ Ser Trp 
130 135 140 



33 
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Asp A5ip l±e Gin 
Tirir Pro Ala Ala 



Pro Ala Ala Glu 
180 

AIg Ala Glu Glu 
195 

Ala Glu Glu Tr^ 
21C 

Glu Glu Thr Met 



Leu Ser Cys 1'hr 



Val Phe Val 



CVS Val Glu Glu 
150 

Glu G^u Thr Met. 
165 

Glu Thr Met: Asn 



1'hr Met Trir Thr 
200 

Met Thr Thr Ser 

225 

Thr Trjr Ser Pro 
230 

lie Val Gly lie 
245 



Pne Gly Ala Asn 
155 

Ar3n Tpjt Ser Pro 
170 

Thr Ser Pro Gly 
135 

Ser Pro Gly Tnr 



Pro Gly Thr Pro 
220 

Gly Thr Pro Ala 
235 

lie Val Leu lie 
250 



Ala Thr Val Glu 
160 

Gly Thr Pro Ala 
1-75 

Thr Pro Ala Pro 
190 

Pro Ala Pro Ala 
205 

Ala Pro Ala Ala 



Ser Ser His Tyr 
240 

Val Leu Leu lie 
255 



(2) ir.-FOPJ^L^TION FOR SEQ ID NO : 3 : 

{ i ) SEQUENCE CHARf^CTERISTICS : 

;A) LENGTH: 455 amino acids 
(3) TYPE: anano acid 

(C) STRANDEDI^IESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu 
15 10 15 

Glu Leu Leu Val Gly He Tyr Pro Ser Gly Val lie Gly Leu Val Pro 
20 25 30 

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val CVs Pro Glr. Gly Lys 
35 40 45 

T>rr He His Pro Gin Asn Asn Ser He O^'S Cys Thr Lys Cys His Lys 
50 55 60 

Gly Tru: T^^r Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gin /lsc Thr Asp 
€^ 70 75 BO 

Cys Arg Glu C^'s Glu Ser Gly Ser Pne Tnr 7^1 a Ser Glu Asn His Leu 
3b 90 95 

Arg His Cys Leu Ser Cys Ser Lys C^/s 7^q Lys Glu Met Gly* Gin Val 
100 105 lie 

Glu He ser Ser Cys Ihr Val Asp Arg ^^p Thr Val Cys Gly Cys Arg 
115 12C 125 



Lys Asn C^ln lyr Arg His 'X'yr Irp Ser Glu Asn Leu Phe Gin CVs Phe 
13C 135 140 
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Asn CVS Ser Leu Cys Leu Asn Gly Thr Val H ; s I^-^u Ser CVs Gin Glu 
14^j 150 155 160 

Lys Gin Asn Thr Val Cys Tnr Cy^s His a:1 a G3y Phe Phe Leu Arg Glu 
165 17C 175 

Asn Glu Oys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu CVe Thr 
180 1S5 19C 

Lys Leu Cys Leu Pro Gin He Glu Asn Va! Lys Gly Thr Glu Aszz: Ser 
195 200 205 

Gly Thr Thr Val Leu Leu Pro Leu Val He Phe Phe Gly Leu Oys Leu 
210 215 220 

Leu Ser Leu Leu Pne He Gly Leu Met Ty^ Arg Tyr Gin Arg Trp Lys 
225 230 235 240 

Ser Lys Leu Tyr Ser I]e Val Cys Gly Lys Ser Thr Pro Glu Lys Glu 
245 250 255 

Gly Glu Leu Glu Gly Thr Ti-ir Thr Lys Pro Leu Ala Pro T-^n Pro Ser 
26C 265 270 

Phe Ser Pro Thr Pro Gly Phe Thir Pro Thr Leu Gly Phe Ser Pro Val 
275 280 285 

Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys 
290 295 300 

Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Gin Gly 

305 . 310 315 320 

Ala Asp Pro He Leu Ala Thr Ala Leu Ala Ser Asp Pro He Pro Asn 
325 330 335 

Pro Leu Gin Lys Trp Glu Asp Ser Ala His Lys Pro Gin Ser Leu Asp 
340 345 350 

Thr Asp P^p Pro Ala Tnr Leu lyr Ala Val Val Glu Asn Val Pro Pro 
355 360 365 

Leu Arg Trp' Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu 
370 375 380 

He Asp Arg Leu Glu Leu Gin Asn Gly Arg C^^s Leu Arg Glu Ala Gin 
385 390 395 400 

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg G^u Ala 
405 410 415 

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg I\sp Met Asp Leu Leu Gly 
420 425 430 

cys Leu Glu Asp He Glu Glu Ala Leu Cys Gly Pro Ala. Ala Leu Pro 
435 44C 445 

Pro Ala Pro Ser Leu Leu Arg 
450 455 



wo 98/30693 



PCTAUS98/00152 



irJFORJl^TION FOR SEQ I" NO : 4 : 

ii) SEQUENCE CHARACTERISTIC::: 

(A) LS\"GTIi: 4 61 amine? acids 
(B; TYPE: a.mno acid 
(CJ STRANDEDNESS : single 
CD) TOPOLOGY: linear 

MOLECUI^E TYPE: protein 



!xi) SE2UEr>fCE DESCRIPTIOK: SEQ ID MO: 4: 

Met Ala Pro Val Ala Val 1'rp Ala Ala Leu Ala Val Gly Leu Glu Leu 
15 10 15 

Trp Ala Ala Ala His Ala Leu Pro Ala Gin Val Ala Phe Thr Pzc Tyr 
20 2B 30 

Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg Glu T>-- Asp Gin 

35 40 45 

Tnr Ala Gin Mec O^-s C>'s Ser Lys Cys Ser Pro Gly Gin His Ala Lys 
50 55 60 

Val Phe Cys Thr Lys Thr Ser A^p Thr Val Cys Asp Ser Cys Glu Asp 
70 7 5 8C 

Ser Thr l\rr Thr Gin Leu Trp Asn Trp Val Pro Glu CVs Leu Ser Cys 
85 90 95 

Gly Ser Arg Cys Ser Ser Asp Gin Val Glu Thr Gin Ala Cys Thr Arg 
IOC 105 lie 

Glu Gin Asn A^g lie CVs Thr Cys Arg Pro Gly Trp T^^rr Cys Ala Leu 
115 120 125 

Ser Lys Gin Glu Gly CVs Arg Leu Cys Ala Pro Leu Arg Lys C^-s Arg 
130 135 140 

Pro Gly Phe Gly Val Ala Arg Pro Gly Tnr Glu Tnr Ser Asp Val Val 
150 155 160 

Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr 
165 170 175 

Asp He Cys Arg Pro His Gin He Cys Ajsn Val Val Ala He Pro Gly 
180 185 190 

Asn Ala Ser Arg Asp Ala Val Cy^s Thr Ser Thr Ser Pro Tnr A-g Ser 
195 200 205 

Met A^a Pre Gly A.la Val His Leu Pro Gin Pro Val Ser Thir Arg Ser 
210 215 220 

Gin His Tnr Gin Pre Thr Pro Glu Pro Ser Thr Pvla Pro Ser Thr Ser 
225 230 235 240 

Pne Leu Leu Pro Met Gly Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly 
245 250 255 

;'wp Pne Ala Leu Pro Val Gly Leu He Val Gly Val Tnr Ala Leu Glv 
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2G0 



27 0 



Leu Leu lie lie Gly V^i Va. lis^r. IVc Val Ixe Met T.-^r Gin Val Lys 
275 28: 235 

Lys Lys Pre Leu C\'S Leu Gin Arq C^u A^a Lys Val Pre His Leu Pro 
29C 255 300 

Ala Asp Lys Ala Arp G^\' Tr^ Gin Gly Pro Glu Gin Gin His Leu Leu 
3C5 210 315 320 

lie Thr Ala Pre £cr £cr Ser £er Ser Ser Leu Glu Ser Ser Ala Ser 
325 330 335 

Ala L.eu Asp Arq Arq A.^a Pre Thr Arg Asn Gin Pro Gin Ala Pro Gly 
340 345 350 

Val Glu Ala Ser Gly Ala G_y Giu Ala Arg Ala Ser Thr Gly Ser Ser 
355 360 365 

Asp Ser Ser Pro Gly Gly His Gly Thr Gin Val Asn Val Tnr Cys lie 
370 37S 380 

Val Asn Val CVs Ser Gei- Ser Asp His Ser Ser Gin Cys Ser Ser Gin 
385 390 395 400 

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pre Ser Glu Ser Pro 
405 410 415 

Lys Asp Glu Gin Val I'rc Pne Ser Lys Glu Glu Qy^s Ala Phe Arg Ser 
420 425 430 

Gin Leu Glu Thr Pre Giu Thr Leu Leu Gly Ser Thr Glu Glu lys Pre 
43S 440 445 

Leu Pro Leu Gly Val Pre Asp Ala Gly Met Lys Pro Ser 
450 455 460 

(2; INFORMATION FOR EEO ID NO; 5: 

( 1 ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 42 7 amino ac^ds 

(B) TYPE: amino acid 

( C ) STRANTDEDNE SS: Single 
{D] TOPOLOGY*: linear 

(ii) MOLE>CULE TYPE: protein 



{xi] SEQUENCE DESCRIPTION: SEQ ID XO : 5 : 

Met Gly Ala G3y Ala Tnr G]>' Ary Ala Met Asp Gly Pro Arc Leu Leu 



Leu Leu Leu Leu Leu G2 y Val Ser Leu Gly Gly Ala Lys Glu Ala Cys 
20 25 30 

Pre Thr Gly Leu Tyr Thr His Ser Gly Glu Cys Cys Lys Ala Cyz Asn 
35 40 45 

Leu Gly Giu Gly Val Ala Gin Pro Cvs Gly Ala /vsn Gin Thr Val Cys 

6-7 
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50 55 60 

Glu t^o CVe Leu Asp Ser Vai Tnr Phe Sei P^ip Val Vul Ssr >vla Thr 
5 b 7C 7 5 80 

Glu .-rc Cy£ Lyc Pro CVs Thr Glu C\'S Vai G\y Leu Gin Ser Met Ser 
6 5 90 9 5 

Ala Pro C\^E Val G^u Ala Asp Asp Ala Val Cys Arg Cys Als Gly 
100 105 lie 

l^jn: Z^j^ Gin Asp Glu Thr Thr Gly Arg Cys Glu Ala CVs Arg \'al Cys 
115 120 125 

Glu Ala Gly Ser Gly Leu Val Phe Ser CVs Gin Asp Lys Gin Asn Thr 
130 135 140 

Val Cys Glu Glu Cys Pro Asp Gly Ytir Ser Asp Glu Ala Asn His 

145 150 155 160 

Val Asp Pro Cys Leu Pro C>'s Thr Val Cys Glu Asp Tnjr Glu Arg Gin 
165 170 175 

Leu Arg Glu Cys Thr Arg Trp Aid. Asp Ala Glu Cys Glu Glu lie Pro 
18 C IE 5 19C 

Gly Arg Trp lie Thr Arg Ser Thr Pro Pro Glu Gly Ser Asp Ser Thr 
155 200 205 

Ala F-To Ser Thr Gin Glu Pro Glu Ala Pro Pro Glu Gin Asp Leu I^e 
210 215 220 

Ala Scr Thr Val Ala Gly Val Val Thr Thr Val Met Gly Ser Ser Gin 
225 230 235 240 

Pre Val Val Thr Arg Gly Thr Thr. Asp Asn Leu lie Pro Val lyr Cys 
245 250 255 

Ser lie Leu Ala Ala Val Val Val Gly Leu Val Ala lyr lie Ala Phe 
26C 265 270 

Lys Arg Trp Asn Ser CVs Lys Gin Asn Lys Gin Gly Ala Asn Ser Arg 
275 280 2S5 

Pro Vai Asn Gin Thr Pro Pro Pro Glu Gly Glu Lys Leu His Ser Asp 
290 295 300 

Ser Gly lie Ser Val Asp Ser Gin Ser Leu His Asp Gin Gin Pro His 
305 310 315 320 

Thr Gin Thr Ala Ser Gly Gin Ala Leu Lys Gly Asp Gly Gi\' Lou Tyr 
325 33C 335 

Ser Ser Leu Pro Pro Ala Lys Arg Glu Glu Val G^^ Lys Leu Leu Asn 
34C 345 350 

Gly Ser Ala Gly Asp Thr Trp Arg His Leu Ala Gly Glu Leu Gly Tyi" 
355 360 365 

Gin Pro Glu His lie P^p Ser Phe Tnr His Glu Ala C^^^s Pre Val Arg 
370 375 380 

A] a Leu Leu Ala Ser T^ro Ala Thr Gin Asp Ser Ala Thr Leu Asp Ala 
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3 90 3 95 4 00 

Lreu L-eu Aia Ax a Leu Arg Arg He Gin Ary Aid. Asp Leu Val L_u Ser 

405 410 4::. 

Leu CVE Ssr GIu Ser Thr Ala Thr Ser Pro Val 
420 425 

INFORMATION FOR SEQ ID NO: 6: 

( 1 ) £E:^UEMGr: CHARACTERISTICS : 

(A. LENGTH: 415 aminr. acid^; 
IB) TYPE: amino acid 
;C) STRAI^EDNE SS : single 
( L ) TC POL'OGY : 1 i ne aj 

(11) MOLECULE TYPE: protein 



(XI ) SEQL'E^TCE DESCRIPTICN: SE2 li^' NO : 6 : 

Met Arg Leu Pro Arg Ala Ser Ser Pro Cys Gly Leu Ala Trp Giy Pro 
- 5 10 15 

Leu Leu Leu Gly Leu Ser Gly Leu Leu Val Ala Ser Gin Pro Gin Leu 

20 25 30 

Val Pro Pro Tyr Arg He G3 u Asn Gin Thr Cys Trp Asp Gin Asp Lys 
3 5 40 45 

Glu T>rr T-^t: Glu Pro Met His Asp Vt;l Cy^s O^^s Ser Arg C\^£- Pro Pro 
50 55 60 

Gly Glu Phe Val ?he Ala Val CVs Ser Arg Ser Gin Asp Thr Val Cys 
65 70 75 80 

Lys Tnr Cys Pro His Asn Ser T-\t: .Asn Glu His Trp Asn His Leu Ser 
85 90 95 

Thr CVs Gin Leu Cys Arg Pro Cys Asp He V^al Leu Gly Pre Glu Glu 
100 105 ii: 

Val Ala Pro Cys Thr Ser Asp Arg Lys A.la Glu CVs Arg cys Gin Pro 
115 120 125 

Gly Met Ser Cys Val Tyr Leu Asp Asn Glu Cys Val His Cys Glu Glu 
130 135 140 

Glu Arg Leu Val Leu 'Cys Gin Pro Gly Thr Glu Ala Glu Val Thr Ajsp 
145 15C 155 16C 

Glu lie Met Asp Trir Asp Val Asn Cys Val Pro CVs Lys Frc Gly His 
165 170 175 

Phe Gin Asn Thr Ser Ser Pro Aurg Ala Arc Cys Gin Pro His Tnr Arg 
IBO 185 13C 

Cys Glu He Gin Gly Leu Val Glu A.a A:^2 Pro Gly Tnr Ser Tvi Ser 
195 200 2C5 

Asp Thr He C\'S Lys Asn Pro Pro Glu Pro Gly Ala Met Leu L.eu Leu 



51 



wo 98/30693 PCT/US98/00 152 

2in 215 220 

Aia lie Leu Leu Ser Le., Val Levi Prie Leu Leu Phe 'I'hr 'Iru: Val Leu 
-2^ 23C 23b 24C 

Ala C>/£ Axa Trp Mer Arg His Pro Ser Leu Cys Arg L\-s Leu Giy Thr 
245 250 255 

Leu Leu Lys Arg His Pro Gl u Gly Glu Glu Ser Pro Pro Cys Pro Ala 
2 60 26 5 270 

Pro Arg Ala Asp Pro His Pne Pro Asp Leu Ala Glu Pro Leu Leu Pro 
275 280 285 

Met Ser Gly Asp Leu Ser Pro Ser Pro Ala Gly Pro Pro Tru: Ala Pro 
2SC 295 300 

Ser Leu Glu Glu Val Val Leu Gin Gin Gin Ser Pro Leu Val Gin Ala 
305 31C 315 320 

Arg Glu Leu Glu Ala Glu Pre Gly Glu Hle Gly Gm Vul Ala His Gly 
325 330 335 

Aiia Asn Gly j}e His Vt^l Thr Gly Gly Ser Val Tnr Va. Trr Gly Asn 
340 345 35C 

lie Ty-r lie Tyr Asn Gly Pro Val Leu Gly G^y Thr Arg Gly Pro Gly 
355 360 365 

Asp Pro Pro Ala Pro Pro Glu Pro Pro 'lyrr Pro Thr Pro Glu Glu Gly 
370 373 380 

Ala Pro Gly Pro Ser Glu Leu Ser Thr Pro ly-r Gin Glu Asc Gly Lys 
385 390 395 " 400 

Ala Trp His Leu Ala Glu Thr Glu Thr Leu Gly Cys Gin Asp Leu 
405 410 415 

■;2: INFORMATION FOR SEQ ID NO : 7 : 

(1) SEQUEl^JCE CHARACTERICTICS : 

(A] Le^IGTH: 33 5 amino acids 
{E; TYPE: amino acid 
;c; STRATTOEDNESS : single 
'0) TOPOLOGY: linear 

(iij MOLECULE TYPE: protein 



(xi; SEO'JENCE DESCRIPTION: SEQ 10 NO : 7 : 

Met Leu Gly He Trp Thr Leu Leu Pro Leu Val Leu Tnr Ser Val Ala 
i 5 10 15 

^u-c: Leu Ser Ser Lys Ser Val P^r. Ala Gin Val Tnr Asp lie Asn Ser 
20 25 3C 

Lys 01 y Leu Glu Leu Arg Lys Thr Val Thr Thr Val Glu Tnr Gin Asn 
35 40 45 

Leu Glu Gly Leu His Hxs Asp Gly Gin Phe C^^s His Lys Pre tvs Pro 
50 55 50 
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Pre Giy Giu Arg Lys Ala Arg Asp CVc Tnr Vai .^^r. 31y Asp Glu Pro 

7'J 75 BO 

Asp C\^s Val Pro Cys Gin Giu Gly Lys Giu l^-r Tnr Asp Lys Ala H: s 
85 90 95 

Pne Ser Ser Lys C>^s /^jrg Arg CVs Arg Leu Cys Asp Glu Gly Hrs Gly 
100 105 110 

Leu Glu Vdl Glu lie Asn 'Jve Thr /irg Tor Gin Asn Thr Lys Cys Arg 
115 120 125 

Cys Lys Pro A^n Phe Phe Cys Ar^n Ser Thr Val Cys Glu His Cys Asp 
130 135 140 

Pre 'C>'s Thr Lys Cys Glu His Gly lie lie Lys Glu Oys Thr Leu Thr 
145 150 155 150 

Ser Asn Thr Lys C^^s Lys Glu Glu Gly Ser Arg Ser Asr. Leu Gly Trp 
165 170 175 

Leu cys Leu Leu Leu Leu Pro lie Pro Leu lie Val Try; Val Lys Arg 
180 165 190 

Lys Glu Val Gin Lys Thr Cys Arg Lys His Arg Lys Glu Asn Gin Gly 
19b 200 205 

Ser His Glu Ser Pro Thr Leu Asn Pro Glu Thr Val Ala lie Asn Leu 
210 215 220 

Ser Asp Val Asp Leu Ser Lys Tyr lie Thr Thr lie Ala Gly Val Met 
225 230 235 240 

Tlir Lej Ser Gin Val Lys Gly Phe Val Arg Lys Asn Gly Val Asn Glu 
245 250 255 

Ala Lys lie Asp Glu lie Lys Asn Asp Asn Val Gin Asp Thr Ala Glu 
260 265 270 

Gin Lys Val Gin Leu Leu Arg Asn Trp His Gin Leu His Gly Lys Lys 
275 280 2E5 

Glu Ala Tyo: Asp Thr Leu He Lys Asp Leu Lys Lys Ala Asn Leu Cys 
290 295 300 

Thr Leu Ala Glu Lys He Gin Thr He He Leu Lys Asp He Thr Ser 
305 310 315 320 

Asp Ser Glu Asn Ser Asn Phe I\xg Asn Glu He Gin Ser Leu Val 
325 330 335 

(2) IN^ORMATICN FOR SEQ ID NO : 8 : 

(i) SEQUENCE CrlARACTEPaSTICS : 

(/\; LENGTH: 260 anu.no acids 
(B) TYPE: amirjo acid 
{ C ; STHANDED^ESS : s ingie 
(D) TOPOLOGY: linear 

(ii) MGLECIJLE TYPE: protein 



{XI ) SEQUENCE DESCRIPTION: SEQ ID NO : G . 
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Mer Ala /irg Pro HiS E'rc Trp> Trp Lexi Cy.s Vrt_ Leu Gly T.nj.' Leu Val 
: 5 10 ir 

Giy Leu Ser Ala Thr Pre Ala Pro Lys Ser Cys Pro Glu Arg Hi^: T^yr 
2C 25 3C^ 

Trp Ala Gin Gly Lys Leu C>^s CVs Glr: Met Cys Glu Pro Gly Tr^ Phe 
35 40 45 

Leu Val Lys Asp Cy^s Asp Gin His Arg Lys Ala Ala Gin CVg Asp Pro 
50 55 60 

O^/D lie Pre Gly Val Ser Phe Ser Pro Asp His His Thjr Arg Pre His 
65 70 75 80 

Cys Glu Ser C>'s Arg His Cys Asn Ser Gly Leu Leu Val Arq Asn Cys 
85 90 95 

Thr He Tnr Ala Asn Ala Glu Cys Ala C^ys Arg Asn Gl;^' Trp Gin Cys 
iOC 105 110 

Arc Asp Lys Glu Cys Thr Glu Cys Asp Pre Leu Pro /isn Pro Ser Leu 
115 12C 125 

Tnr Aj.a Arg Ser Ser Gin Ala Leu Ser Pro His Pro Gin Pro Thr His 
130 135 140 

Leu Pro l-yn: Val Ser Glu Met Leu Glu Ala Arg Thr Ala Giy H^s Met 
145 150 155 160 

Gin Thr Leu Ala Asp Phe Arg Gin Leu Pro Ala Arg Thr Leu Ser Thr 
-165 170 175 

His Trp Pro Pro Gin Arg Ser Leu Cys Ser Ser Asp Phe He Arg He 
180 1B5 190 

Leu Val He Phe Ser Gly Met Phe Leu Val Phe Thr Leu Ala Gly Ala 
195 20C 205 

Leu Pne Leu His Gin Arg Arg Lys Tyr Arg Ser Asn Lys Gly Glu Ser 
21C 215 220 

Pro Val Glu Pro Ala Glu Pro Cys Arg T>^r Ser Cys Pro Arg Glu Glu 
225 230 235 240 

Glu Gly Ser Thr He Pro He Gin Glu Asp Tyr Arg Lys Pro Glu Pro 
245 250 255 

Ala C"ys Ser Pro 
260 

ir^ORMATTON FOR SEC ID IJO : 9 : 

(1) SEQUENCE CHAPACTERISTICS; 

(A< LO^IGTH: 59 5 ariino acids 
iB': TYPE: anvino acid 
[Z: STRAITOEDNESS : single 
( T' : TOPOLOGY : 1 inear 

(11' MOLECJLE TYPE: DKIA (genomic) 
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(X2 ; SEQ'JEMCE D~SC-RIPTJOK! : SSQ ZD NO ; & : 

Met. Arg Vai Leu leu Ala Ala Leu Gly Leu Leu ?ne ^eu C-^y A_a Leu 
i B IC 15 

/Lrg Ala Pne Pro Gin Asp Arg Pro Piie Glu A£:p Tr^ Cys His Glv Asn 
2C 25 30 

Pro Ser His Tyr TyT Asp Lys Ala Val A2:n ?^-g O'S CVs ':->x Arg Cys 
35 40 45 

Pre Met Gly Leu Phe Pio Trir Gin Gin -Gys Pro Gin /vrg Pro Tnr Asp 
50 55 60 

cys Arg Lys Gin Cys Glu Pro Asp T:,— 'Ty^ Leu P^p Glu Ala ^-^p Arg 
e*'- 70 75 80 

cys Thr Ala C^-s Val Thr Cys Ser Arg Asp ;^p Leu Val Glu Lys Thr 
85 9C 95 

Pre Cys Ala Trp Asn Ser Ser Arg Val CVs Glu C>'s Arg Pro Gly Met 
100 105 110 

Phe Cys Ser Thr Ser Ala Val Asn Ser cys Ala Arg Cys Pne Phe His 
115 12C 125 

Ser Val C>'s Pro Ala Gly Met lie Val Lys Phe Pro Gly Tnr Ala Gin 
130 135 140 

Lys A^n Thr Val Cys Glu Pro Ala Ser Pre Gly Val Ser Pro Ala Cys 
1-^5 150 155 160 

Ala Ser Pro Glu Asn Cys Lys Glu Pro Ser Ser Gly Thr lie Pro Gin 
165 170 175 

Ala Lys Pro Thr Pro Val Ser Pro Ala Th-r Ser Ser Ala Ser Thr Met 
180 185 190 

Pro Val Arg Gly Gly Thr Arg Leu Ala Gin Glu Ala Ala Ser Lys Leu 
195 200 205 

Thr Arg Ala Pro Asp Ser Pro Ser Ser Val Gly P^g Pro Ser Ser Asp 
210 215 220 

Pro Gly Leu Ser Pro Tnr Gin Pro C^^'s Pro Glu Gly Ser Giy Asp Cys 
225 230 235 240 

Arg Lys Gin Cys Glu Pro Asp Tyr T>'r Leu Asp Glu Ala Gly Arg Cys 
245 250 255 

Tra- Ala cys Val Ser Cys Ser Arg Asp Asp Leu Val G±u Lys Thr Pre 
260 255 270 

cys Ala Trp Asn Ser Ser Arg Thr Cys Glu Cys Arg Pro Gly Met lie 
275 280 285 

Cys Ala Tnr Ser Ala Thr Asn Ser Cys Ala Arg Cys Val Pro Tyor Pro 
290 295 300 

life C:/s Ala Ala Glu Tnr Val Tr^ Lys Pro Gin Asp Met Ala Glu Lys 
305 310 315 320 

Pj^:^ Thr Thr Phe Glu Ala Pro Pro Leu Gly Thr Gin Pro Asp O/s Asri 
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32^ 33C 33E 

ir^rc Thr E-TO Giu Asn Giy Glu Ala Pre Ala Ser Thr Ser Pro Z'nz- Gin 
340 345 35C 

Ser Leu Leu Val Asp Ser Gin Ala Ser Lys Thr: Leu Pro lie Pro Thr 
355 360 36- 

Ser Ala Pro Val Ala Leu Ser Ser Thr Gly Lys Pro Val Leu Asp Ala 
370 375 380 

Gly Pro Val Leu Phe Trp Val lie Leu Val Leu Val Val Val Val Gly 
385 390 395 400 

Ser Ser Ala Pne Leu Leu C^^s His ?^^g Arg Ala Cys Arg Lys Arg lie 
405 410 415 

Arg Gin Lys Leu His Leu Cys Tyr Pro Val Gin Thr Ser Gin Pro Lys 
420 425 430 

Leu Glu Leu Val Asp Ser Arg Pro Arg Arg Ser Ser Thr Gin Leu Arg 
435 440 445 

Ser Gly Ala Ser Val Thr" Glu Pro Val Ala Glu Glu pj^-g G^y Leu Met 
450 455 460 

Ser Gin Pro Leu Met Glu Thr Oys Kis Ser Val Gly Ala /Ua T-^t: Leu 
465 47C 475 480 

Glu Ser Leu Pro Leu Gin Asp Ala Ser Pro Ala Gly Gly Pro Ser Ser 
485 490 495 

Pro Arg Asp Leu Pro Glu Pro Arg Val Ser Thr Glu His Tnr Asn Asn 
500 505 510 

Lys lie Glu Lys lie ':Vr He Met Lys Ala Asp Thr Val lie Val Gly 
515 520 525 

Thr Val Lys Ala Glu Leu Pro Glu Gly Arg Gly Leu Ala Gly Pro Ala 
530 535 540 

Glu Pro Glu Leu Glu Glu Glu Leu Glu Ala Asp His Thr Pr3 His Tyr 
545 550 555 560 

Pro Glu Gin Glu Thr Glu Pro Pro Leu Gly Ser Cyz Ser Asp Val Met 
565 570 575 

Leu Ser Val Glu Glu Glu Gly Lys Glu Asp Pro Leu Pro Thr Ala Ala 
580 585 590 

Ser Gly Lys 
595 

IXTORMATION FOR SEQ TD NO: 10: 

( I } SEOUETICE CKAFAGTERI3TICS : 

length : 277 amino acids 
{ B } TYPE : aiTJLno acid 
(C! STRATCEDrJESS : single 
(D) TOPOLOGY: linear 



(li; MOLECULE TYPE: protein 
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(xi) SEQUEMCE DESCRIPTION: SEQ ID rJO:10: 

Met Val Arg Leu Pro Leu Gin Cys Vc-.l Leu Trp Gly Cys Leu Leu Thr 
- 5 10 15 

Ala V^a^ H2.S Pro Giu Pro Pro Thr Ala Cys Arg Glu Lys Gin T^_j'r Leu 
2 C 2 5 3 0 

lie ^--sn Ser Gin Cys Cys Ser Leu C>*s Gin Pro Gly Gin Lys Leu Val 
35 4C 45 

Ser Asp C:/s Thr Glu Phe Trir Glu Thr Glu Cy£ Leu Pro Cys Gly Glu 
50 55 60 

Ser Glu Phe Leu Asp Thr Trp Asn Arg Glu Thr His Oys His Gin His 
65 70 75 80 

Lys T":,^ Ci^s A^p Pro Asn Leu Gly Leu Arg Val Gin G^^n Lys Gly Tm- 
85 90 95 

Ser Glu Thr Asp Trir lie Cys Tru- Oys Glu Glu Gly Trp His Oys Thr 
100 105 lie 

Ser Glu Ala Cys Glu Ser Cys Val Leu His Arg Ser Cys Ser Pro Gly 
115 120 125 

Phe Gly Val Lys Gin lie Ala Thr Gly Val Ser /isp Thr lie Cys Glu 
130 135 140 

Pro Cys Pro Val Gly Phe Phe Ser Asn Val Ser Ser Ala Phe Glu Lys 
145 150 155 160 

Oy'S Hrs Pre Trp Thr Ser Cys Glu Thr Lys Asp Leu Val Val Gin Gin 
165 170 175 

Ala Gly Thr Asn Lys Thr Asp Val Val C^'s Gly Pro Gin Asp Arg Leu 
180 185 19C 

Arg AJ.a Leu Val Val lie Pro He He Phe Gly He Leu Pne Ala He 
195 200 205 

Leu Leu Val Leu Val Phe He Lys Lys Val Ala Lys Lys Pre Th^ Asn 
210 215 220 

Lys Ala Pro His Pro Lys Gin Glu Pro Gin Glu He /jsn Pne Pro Asp 
225 230 235 240 

Asp Leu Pro Gly Ser Asn Thr Ala Ala Pre Val G_n G^u Thr Leu His 
245 250 255 

Gly Cys Gin Pro Val Thr Gin Glu Asp Gly Lys Glu Ser Pjt^ He Ser 
260 265 2-^: 

Val Gin Glu Arg Gin 

275 

(2) irJFORHaTIOX FOR SEQ ID I^'OHl : 

ti) SEQL'ENCE CHARACTERISTICS: 

(A; LENGTH: 255 arra.no acrcrs 
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'3) TYPE: amino acid 

f C ; STR.^JDEDNE SS: single 

(D) TCP01.0GY: 1-Lnfca>- 

( 11 ; MOLECULE TYPE : protein 



(>:i) SEQ'JENCE DESCRIPTION: SEQ IE NO: 11; 

Met G]y Asn Ser Cys T^^^r Asn lie Val Ala Tnr Leu Leu Leu Val Leu 
15 10 15 

Asn Phe Glu Arg Thx Arg Ser Leu Gin Asp Pro Cys Ser Asn Cys Pro 
20 25 30 

Ala Gly Thr Phe Lys Asp Asn Acn Arg Asn Gin lie Cys Ser Pro Cys 
3b 40 45 

Pro Pro Asn Ser Phe Ser Ser Ala Gly Gly Gin Arg Thr- Cys Asp lie 
SO 55 60 

Cys Arg Gin Oy'S Lys Gly Val Pne Arg Thr Arg Lys Glu Cys Ser Ser 

65 70 75 BC 

Thr Ser Asn Ala Glu Cys Asp CVs Tnr Pro Gly Phe Kis O/s Leu Gly 
85 90 95 

Ala Gly Cys Ser Met Cys Glu Gin Asp Oys Lys Gin Gly Gin Glu Leu 
100 105 110 

Tl:ir Lys L^/s Gly Cys Lys Asp Cys Cys Phe Gly Thr Phe Asn Asp Gin 
115 120 125 

Lys Arg Gly lie Cys Arg Pro I'rp Thr Asn Cys Ser Leu Asp Gly Lys 
130 135 140 

Ser Val Leu Val Asn Gly Thr Lys Glu Arg Asp Val Val C\'£ Gly Pro 
145 150 155 160 

Ser Pro Ala Asp Leu Ser Pro Gly Ala Ssr Ser Val Thr Pro Pro Ala 
165 170 175 

Pro Ala Arg Glu Pro Gly His Ser Pro Gin lie lie Ser Pne Phe Leu 
180 185 19C 

Ala Leu Thr Ser Thr Ala Leu Leu Phe Leu Leu Phe Pne Leu Thr Leu 
195 20C 205 

Arg Phe Ser Val Val Lys Arg Gly Arg Lys Lys Leu Levi T^-r He Phe 
21C 215 220 

Lys C-ln Pro Phe Met Arg Pro Val Gin Thr Thr Gin Glu Glu Asp Gly 
225 230 235 240 

Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gjy Cys Glu Leu 
245 250 255 

(2) II^^FQRMATION FOR SEQ ID NO: 12: 

ii) SEQUENCE CH/JViCTERISTICS : 

(A; LENGTH: 2 77 amino as ids 

(B) TYPE: amino acid 

(C; STRANDEDNESS : srngle 

^ C 
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;d; TOPOl^OG^': linear 
lii) MOLECULE T^i'PE ; proLeir] 



SEQUENCE DESCRIPTION: SEQ IE KG: 12: 

Mer Cys Val Gly Ala Arg Arg Leu Giy lirg Gly Pro Cys A] a Ala Leu 
1 5 10 15 

Leu Leu Leu Gly Leu Gly Leu Ser Thr Val Thr Gly Leu His Cys Val 
20 25 3C 

Gly ^^p Thr lyr Pro Ser Ann Asp Arg Oys 'Cys His Glu Cys Arg Pro 
3S 40 45 

Gly Asn Gly Met Val Ser Arg Cys Ser Arg Ser Glr. Asn Thr Val Cys 
bO 55 60 

Arg Pro C\'S Gly Pro Gly Phe Tyr Asn Asp Val Val Ser Ser Lys Pro 
€5 70 75 BO 

CVS Lys Pro Cys Thr Trp Cy^s Asn Leu Arg Ser Gly Ser Glu Arg Lys 
85 90 95 

Gin Leu Cys Thr Ala Thr Gin Asp Thr Val Cys Arg Cys Arg Ala Gly 
100 105 lie 

Ttir Gin Pro Leu Asp Ser T^^^r Lys Pro Gly Val Asp Cys Ala Pro Cys 
115 120 125 

Pro Pro Gly His Phe Ser Pro Gly Asp Asn Gin Ala Cys Lys Pro Trp 
130 135 140 

Ti-ir Asn Cys Thr Leu Ala Gly Lys His Thr Leu Gin Pro Ala Ser Asn 
145 150 155 160 

Ser Ser Asp Ala lie CVs Glu Asp Arg Asp Pro Pro Ala Thi' Gin Pro 
165 170 175 

Gin Glu Thr Gin Gly Pro Pro /^a Arg Pro lie Tnr Val Gin Pro Thr 
180 185 190 

Glu Ala Trp Pro Arg Thr Ser Gin Gly Pro Ser Thr Arg Pro Val Glu 
195 20C 205 

Val Pro Gly Gly Arg Ala Val Ala Ala lie Leu Gly Leu Gly Leu Val 
210 215 22C 

Leu Gly Leu Leu Gly Pro Leu Ala lie Leu Leu Ala Leu Tyr Leu Leu 
225 230 235 240 

Arg J\rg j^^p Gin Arg Leu Pro Pro Asp Ala His lys Pre Pro G^y Gly 
245 250 255 

Gly Scr Phe Arg Thr Pro lie Gin Glu Glu Gin Ala Asp Ala Kis Ser 
260 265 270 

Tnr Leu Ala Lys He 
275 



67 
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irjrORM^^TXOK FOR SEQ ID NO: 13: 

; 1 ) SEQUENCE CJIARACTERISTICS . 

(A) LETJGTK: 34 9 dinino acids 

(B) TYPE: amino acid 

(C) STRANTEDriESS : single 
; D ) TOPOLOGY : 1 i near 

(ii) MOLECULE 'TYPE: protein 



{XI ) SEQUENCE DESCRIPTION: SEC- ID NO : 13 : 

Ket Lys Ser Val Leu T>— Leu T-^j-r lie Leu Phe Leu Ser Cys lie lie 
15 10 15 

He Asn Gly Tlrg Asp Ala Ala Pro Tyr Thr Fro Pre Asn Giy Lys Cys 
20 25 30 

Lys Asp Thr Glu 'I>'r Lys Arg His Asn Leu Cys 0,^s Leu Ser Cys Pro 
3 5 4 C 45 

Pro Gly Thr 1*^^ Ala Ser Arg Leu Cys Asp Ser Lys Thr Asn Thr Gin 

50 55 6C 

Cys Thr Pro cys Gly Ser Gly Thr Phe Thr Ser Arg Asn Asn His Leu 
€5 70 75 8C 

Pro Ala C>^s Leu Ser Cys Asn Gly Arg Cys Asn Ser Asn Gin Val Glu 
85 90 95 

Thr Arg Ser CVs Asn Tnr Thr His Asn Arg He Cys Glu Cys Ser Pro 
IOC . 105 110 

Gly Tyn: T^rr Cys Leu Leu Lys Gly Ser Ser Gly C^'s Lys Ala Cys Val 
115 120 125 

Ser Gin Thr Lys C\^s Gly He Gly T\rr Gly V^l Ser Gly His Thr Ser 
130 135 140 

Val Gly Asp Val He C\-s Scr Pro C^ys Gly Pne Gly Tnr T^-r Ser His 
145 150 155 160 

Thr Val Ser Ser Ala Asp Lys Cys Glu Pro Val Pro Asn Asn Thr Phe 
155 17C 175 

Asn Tyr He Asp Val Glu He Th^ Leu Tyr Pro Val Asn Asp Thr Ser 
18C 185 19C 

cys Thr Arg Thr Thr Thr Thr Gly Leu Ser Glu Ser He Leu Thr Ser 
195 200 205 

Glu Leu Thr He Thr Me^ Asn His Tni Asp Cys Asn Pro Val Phe Arg 
210 215 220 

Glu Glu TyTT Phe Ser Val Leu P^n Lys Val Ala Tnr Ser Gly Phe Phe 
225 230 235 240 

Tnr Gly Glu Asn Arg T^i" Gin Asn He Ser Lys Val Cys Tr.r Leu Asn 
245 25C 255 

Pne Glu He Lys Cys Asn Asn Lys Gly Ser Ser Phe Lys Gin Leu Thr 
260 265 27C 
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Lys Ala Lys P-sn /w^p Acp Gly Mcz Maz Ser His Ser Glu Tnr Val T:ir 
27 5 280 2 85 

Leu Ala Gly Asp CVe Leu Ser Ser Val Asp lie Tyr lie Leu Tyr Ser 
290 295 300 

A^n Thr Asn Ala Gin A-Sp 'l^y^ Glu Tnr Asp Thr lie Ser lyr Arg Val 
30S 31D 315 320 

Gly Asn Val Leu Asp Asp AJ3p Ser His Met Pro Gly Ser C>-s Asn lie 
325 330 335 

His Lys Pro lie Thr Asn Ser Lys Pro Thr Arg Pne Leu 
340 345 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHAFACTERISTICS : 

(A) LENGTH: 355 £miino acids 
(3) TYPE: amrno acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

( ^ i } MOLECULE TVPE : protein 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

Met Lys Ser Tyr lie Leu Leu Leu Leu Leu Ser CVs lie lie lie lie 
15 10 15 

Asn Ser Asp lie Thr Pro His Glu Pro Ser Asn Gly Lys Cys Lys Asp 
20 25 30 

J^STi Glu Tyr Lys Arg His His Leu Cys Cys Leu Ser Cys Pro Pro Gly 
35 40 45 

Thr Tyr Ala Ser Arg Leu Cys Asp Ser Lys Thr Asn Tr^ Asn Thr Gin 
50 55 50 

Cys Thr Pro Cys Ala Ser Asp Thr Phe Thr Ser Arg Asn Asn Hic Leu 
65 70 75 BO 

Pro Ala Cys Leu Ser Cys Asn Gly Arg Cys Asp Ser Asn Gin Val Glu 
85 90 95 

Thr Arg Ser Cys Asn Thr Thr His Asn Arg lie Cys Asp Oys Ala Pro 
100 105 110 

Gly T>^ Tyr C^^s Ptie Leu Lys Gly Ser Ser Gly Cys Lys Ala Cys Val 
115 12C 125 

Ser Gin Thr Lys Cys Gly lie Gly Tao: Gly Val Ser Gly His Thr Pro 
130 13b 14C 

Thr Gly Asp Val Val C^ys Ser Pro Cys Gly Leu G^y Th^ T^^ Ser His 
145 150 155 160 

Thjr Val Ser Ser Val Asp Lys Cys Glu Pro Val Pro Ser Ajsn Thr Phe 
165 170 1-^5 



Asn T^_j'r lie Asp Val Glu lie Asn Leu P-o Val Asn Asn Thr Ser 
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180 185 190 

Cyc Tnr Arq Thr T'nr Thx Tnr Gly Leu Ser GIu Ser i:.e Ser Thr Ser 
19^; 200 20d 

Giu Leu Trj: He Thr Met Asn His Lys Asp Cys Asp Pro Val Phe Arc 
210 215 220 

Asr. Gl:>' Tyr Phe Ser Val Leu Asn Glu V^al Ala Thr Ser Gly Phe Pne 
22E 230 235 240 

Thr Gly Gin Asn Arg T>^r Gin Asn He Ser Lys Val Cys Thr Leu Asn 
245 25C 255 

Phe Glu He Lys Cys Asn Asn Lys Asp Ser Tyr Ser Ser Ser Lys Gin 
260 265 270 

Leu Thr Lys Thr Lys Asn Asp Asp Asp Ser He Ket Pro His Ser Glu 
275 280 285 

Ser Val Thr Leu Val Gly Asp Cys Leu Ser Ser Val Asp He Tyr He 
290 295 300 

Leu Tyi" Ser Asn Thr Asn Tlir Gin Asp T-yr Glu Thr Asp Thr He Ser 
305 31C 315 320 

T^-r His Val Gly Asn Val Leu Asp Val Asp Ser His Met Pro Gly Arg 
325 330 335 

Cys Asp Thr His Lys Leu He Thr Asn Ser Asn Ser Gin I'^tt Pro Thr 
340 345 350 

His Phe Leu 
355 

(2) INFORMATION FOR SEQ ID NOH5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 506 base pairs 
(5} TYPE: nucleic acid 
( C : STRAMOEDNESS : s mg le 
(L ; TOPOLOGY : linear 

(ii) MOLECJLE TYPE: DNA (genomic) 



Ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

GAATTCGC-CA tvLAGCCTCTCC ACGCGCAGAA CTCAGCCAAC GAT^TCTGA^' AG/'.TTTTTGG 6C 

GAGTTTGACC AGA.GAT3CAA GGGGTGAA'GG AGCGCTTCCT ACCGTTAGGA ACTCTGGGGA 12 0 

CAGNNCGCCC Cl^GCCGCCTG ATGGCCG/iGG CAGGGTGCGA CCCAGGACGC AGGAGC^GCGT 18 0 

CGGGAACCAT ACCATGGCCC GGATCCCCAA GAC0CTA7u\G TTCGTGGTCG TCAT2GTCGC 24 0 

GGTCCTGCTG CCA3TCCTAG CTTACTCTGC CACCACTGCC GGGCAGAGGA AGTTNCCCAG 300 

CAGN'GAXTGG I:GCGACAGCA ACAGNGGCAC AGTTTCAAGG GC^^NAGGAGT TTTCCANCAA 3 50 

GTTTTTATAG TTCA.GAAGOT ATTGGNGCTN TTnI/J^CCCTTG CACAAGGGTT TGCrmAAAG 4 20 

16^ 
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C/'>vNGTTTCC AAUATGllP.CT TI'I^JG'I'T'J'J C'l^TT/W-.TT T^'TT-^J^TTAG TTIIWITTAA. 



460 



ATTTT^TTInI^iAC CTTNCCNG03 NAAATT 



5 0G 



(2) IK-FORMATION FOR SEO 10 NO ; 1 6 ; 

(i) SEQUETJCE CHAF^\CTERIOTICS : 

(A; LSfJGTH: 32 5 base pairs 
(3 ) TYPE: nuf:iea(L- acid 

(C) STRATJDEDIJESS : single 

(D) TCPOLOGY linear 

(ii; MOLEOIOE TYPi:: : DKA (aenomic) 

(XI) SEQUENCE DESCRIPTIOIJ: SEZ> ID NO: 16; 

GGCAa^iGGTG TCTCCAGCCT GGOTCTATCT TCCTOCTTGT IsIATCGTCCCA TCCCCAC^TG GO 

CCGTGCACCC OCCAOGACCC T-OGTCT2ATC AGTCCCTCTC CT&GAGCT.3G GG3TCCACAC 120 

ATCTCCCAGC CA^^.GTCCAAG AGGGCAGGGC CAG7TCCTC0 C.\TGrTCAGG CCCAGCCAGG 18C 

CAOGGGGGAG TCGGCTCCTC AACTGGGTGA CAAGGGTGAG GATGAGAAGT CXi^TCACGGGG 24 0 

ATTTATTCAG GGTTGGTCAG AGCAGA;iCAC AGATTTTTCC GTGTGTTGGT TTTTACTCTN 300 

NTTGCCCTTC TTIvIATNCCCC TTTCM 32 5 
(2) IMFOHK?".TI0N FOR SEC ID NO: 17: 

( i ) SEQUENCE CHAR/vCTERISTICS : 

(A) LENGTH: 340 base pairs 

(B) TYPE: nucleic acid 

( C ) STRANDEDKES S : c ing 1 e 
(Di TOPOLOGY : linear 

1 i ) MOLE'OULE TYPE : DNA ( genomi c ) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 17; 

GGCAGA3GCC CCAGCTGCTG AAGAGACAAT AATCACGAGC OCGGGGACTC CTGN^7^CTNC 6 0 

TNATTACCTC TNATGCACCA TCGTAGOGAT CATAGTTCTA ATTGTGCC^ CTAATTGTTT 120 

TTGTTTGAAA AGANTTCACT GTGGAAGAAA. TTCCTTCCTT ACCTGTAAGT TI^rCAGGTAGG IBO 

NGCCTGGCTG AGGGCGGGGG G^GC^GGl'AC ACTCTCTGAC CCTGCCTCCC TCrai^dK^TT 2 40 

TTCCCACAGA CAGAAACGCC T-G'^crCT^GI-JC CC'CAAGTTCC TNGl^TTm' CAGCCTGGCT 3 00 

CTATCTTMCC TCCTTGTGAA TCGTTCC'C^vT CCCCCiCANGC 34C 

( 2 ) INFCR>:Ji.TiON FOR SEQ ID TJC : 1 S : 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 241 base pairs 
(3) TYPE: nucleic acid 
(C) STRANDED^JESS : single 
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linear 

DI^ ( yenorr:Lr. 
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(xi) SEQUENCE DESCRIPTION': SEQ ID NO; 18: 



CCAGG3TCTC 



lCC T3-CTGAAGAG AOANTGACCA CCAGCC 0^3-3 -GACTCCTGCC 



60 



TCTT3CTCAT TACCTCTNAT GNANCATCGT AGGGATCATA GTTCTAATTG TGC^ 



120 



A.TTGTGCTTT GTTTG3AAAG ACTTCACTGT GGG.^vAGAAAT TCCTTCCTTA CCTa^AGTTG 



180 



CAGGTAGGCC CTGGGTNAGG GCGNGGG3CG CTGGACA^TTN TCTGGT^CCTG GCTOCCCGCT 



240 



G 



241 



INFORI^.TION FOR SEQ ID HO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
(A.; LET^GTIi: 27 base pairs 
;e: TYPE: nucleic acid 
: C ; STRANDEDNESS : single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; DMA (genoriic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19; 



CGCGGATCCA CCACTGCCCG GCAGGAG 2T 

(2) INFORMATION] FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B.) TYPE: nucleic acid 
C C : STRANDEDNESS : s .ngl e 
;d: TOPOLOGY; linear 

(ii) MOLECULE TYPE; DMA (genomic) 



(XI } SEQUETJCE DESCRIPTION: SEQ ID NO: 20; 

GCGTCTAGAC TAGTAATGAG AAGAGGCAGG 
30 

(2) INr^ORMATIOr: FOR SEQ ID NO : 2 1 : 

( i ) SEQUENCE CHARACTERISTICS : 
(A; LENGTH: 3"^ base pairs 
(E) TYPE: nucleic acid 
(C) STRANDEDNESS : single 
{D: TOPOLOGY; linear 

(ii) MOLECULE TYPE: DIL\ (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 
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CCrCTCTAGAC CCrCZAT-IZATG GCCCG'JATCC CCAAG 
C' ITTFORMATION FDR SEQ IZ NO: 2::: 

(A) I_.HNGTK: 30 ba.se pa::.rE 
(b:- TYp-E: nucleic acid 

STRANDEDNE3S : single 
: Z' ) TCiPOLOGY : li.near 

(11) MOZE:rJUE TYPE: DMA (genomic) 



{XI ; SEO'JENCE DESCRIPTION: SEQ ID NO: 22: 

GCGTCTAGAC TAGTAATGAG AAGAG3CAGG 

(2) rr^ORMATIOX FOR SEQ ID NO: 23: 

( i ) SEQ'JENCE CHARAGTEF.TSTICS : 
(A) DENGTK: 54 base pairs 
CB! TYPE: nucieic acid 
( C ; STRANDEDNESS : s ingi e 
(D: TOPOLOGY'; linear 

fiil MOLECUKE TYPE: DMA (genomic) 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO:23: 
CG2GAATTCC GCCATCATGG CCCGGATCCC CAAG 
(2) IMFORKATION FOR SEQ ID NO: 24: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRAICDSDNESS : single 

(D) TOPOLOGY: linear 

;li} MOLECULE TYPE: DMA (genomic) 



{XI :i SEQ(JENCE DESCRIPTION; SEQ ID NO; 24: 
C-CGTCTAGAG TAATGA3AAG AGGCAGG 
(2) ir;FORMATION FOP SEQ ID NO: 25; 

' 1 ) SEQL^'CE CHARACTERISTICS : 

(A) LENGTH: 3 5 base pairs 

(B) TY'PE: nucleic acid 

( C ) STRAND5DNESS : single 

(D) TOPOLOGY: linear 

:ii) MOLECULE T^'PE: DMA (genomic) 



93 
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;x,! SE^UKTvTCE DESCRIPTION: SKQ ID NO :2b 

CGCTCTAGAC CGCCAT'CATG GITCCGGATrC CCAAG 

( 2 ) II^ORMATIOM FOR SEQ ID NO : 2 6 ; 

ii'- SEQUENCE CHARACTERISTICS: 
(A; LENGTH: 30 Dase paxrs 

(B) TYPE: nucleic acid 

(C) FTRANDEDMESS : single 

(D) TOPOLOGY; linear 

Hi) MOLECULE TYPE : D>iA { genomic 



(xi) SEQUETJGE DESCRIPTION: SEQ ID NO: 26: 
GCGTCTAGi'^C TAGTAATGAG AAGAGGGAGG 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 
(PCT Rule i3bis) 



A. The indications made beiow relate to me microorganism rcfcrrca to in tnc dcscnpuon 
on page , imc 5 



B. IDENTIFICATION OF DEPOSIT 



Further aeoosiLs arc idenrifiec on an addinonai sheet j | 



Name of deposimry instimtion 

American Type Culture Collection 



Address of aeposimry insurunon (including post ai coae anc country) 



12301 Parklavu Drive 
Roctvxlle, Maryland 20852 
United States of America 



Date of dcposu 



Accession Number 



November 20, 1996 



97798 



C. ADDITIONAL INDICATIONS {Ua\^e biank if not appiicabit) This information is continued on an additional snee: Q 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE fif me maicaticns are nor /or all designated Stater. 



E. SEPARATE FURNISHIN'G OF INDICATIONS fieave biank if not applicable) 



The indications listed bciow will be suommcc to the in tern anon aJ Bureau iater (spfc^fy me general namre or ine maicanons e.g.. 'Accession 
Number of Deposit") 



For rcccivmg Office use only 



This sheet was rcccivcc with the mtcmationaJ application 



Auinonzcd office 




i-orni PCr/RO/I34 (JuK^ ]992i 



For international Bureau use oni' 



j I This sheet was rcccivec by the intcmaiional Bureau cr. 



Autnonzed officer 
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What Is Claimed Is: 

1 . An isolated nucleic acid moiecuie comprising a polynucleotide having a 
nucleotide sequence at least 95% identical to a sequence selected from the group consisiine of: 

(a) a nucleotide sequence encoding a TRID polypeptide having the complete ammo acid 
sequence in SEQ ID NO:2, or the complete amino acid sequence encoded by the cDNA clone 
contained m ATCC Deposit No. 97798; 

fb ) a nucleotide sequence encoding a mature TRID poiypepude havinc the amino acid 
sequence at positions 1-233 in SEQ ID NO:2, or the mature polypeptide encoded by the cDNA 
clone contained in ATCC Deposit No. 97798; 

(c) a nucleotide sequence encoding the soluble extracellular domain of a TRID 
polypeptide having the ammo acid sequence at positions 1-214 of SEQ ID NO;2, or the 
extracellular domain encoded by the cDNA clone contained m ATCC Deposit No. 97798; and 

(d ) a nucleotide sequence complementary to any of the nucleotide sequences in (a), (b ) 
or (c) above. 

2. The nucleic acid moiecuie of claim 1 wherein said polynucleotide has a complete 
nucleotide of SEQ ID NO: 1 . 

3 . The nucleic acid molecule of claim 1 wherein said polynucleotide has a 
nucleotide sequence which encodes a TRID polypeptide having the complete amino acid of 
SEQ ID NO:2. 

4. The nucleic acid molecule of claim I wherein said polynucleotide has a 
nucleotide sequence encoding the mature fonn of a TRID polypeptide having an amino acid 
sequence from about 1 to about 233 m SEQ ID NO:2. 

5. The nucleic acid moiecuie of claim 1 wherein said polynucleotide has a 
nucleotide sequence encoding the soluble extracellular domain of a TRID polypeptide having 
the ammo acid sequence from about 1 to about 214 in SEQ ID NO:2. 

6. An isolated nucleic acid molecule comprising a polynucleotide having a 
nucleotide sequence at least 95% identical to a sequence selected from the group consistms of: 

(a) a nucleotide sequence encoding a polypeptide comprising the amino acid 
sequence of residues m-233 of SEQ ID NO:2, where m is an integer in the range of - 1 to 27. 

(b) a nucleotide sequence encoding a polypeptide composing the amino acid 
sequence of residues 1-x of SEQ ID NO:2. where x is an integer in the range of 123-233; 

(c) a nucleotide sequence encoding a polypeptide having the amino acid sequence 
consisting of residues m-x of SEQ ID NO:2. m and x are defined :n (a) and (b) above 
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7. An isolated nucleic acid moicculc comprising a polynucieolide havine a 
nucleotide sequence at least 95% idenucaJ to a sequence selected from the group consistins of: 

(a) a nucleotide sequence encoding a polypeptide consisting of a portion of a 
complete TRID amino acid sequence encoded by liie cDNA clone contained in ATCC Deposit 
No. 97798 wherein said ponion excludes from 1 to about 52 ammo acids from the ammo 
terminus of said complete ammo acid sequence; 

(b) a nucleotide sequence encoding a polypeptide consisting of a portion of a 
complete TRID amino acid sequence encoded by a cDNA clone contained in ATCC Deposit 
No. 97798 wherein said portion excludes from 1 to about 1 10 ammo acids from the carboxv 
terminus of said complete amino acid sequence; and 

(c) a nucleotide sequence encoding a polypeptide consisting of a portion of a complete 
TRID ammo acid sequence encoded by the cDNA clone contained m ATCC Deposit No. 
97798, wherein said portion includes a combination of any of the amino terminal and carboxy 
terminaJ deletions for the respective clones m (a) and (b), above. 

8. The nucleic acid molecule of claim 1 wherein said polynucleotide has the 
complete nucleotide sequence of the cDNA clone contained m ATCC Deposit No. 97798. 

9. The nucleic acid molecule of claim 1 wherein said polynucleotide has the 
nucleotide sequence encoding a TRID polypeptide having the complete amino acid sequence 
encoded by the cDNA clone contained in ATCC Deposit No. 97798. 

10. The nucleic acid molecule of claim 1 wherein said polynucleotide has the 
nucleotide sequence encoding a mature TRID polypeptide havmg the amino acid sequence 
encoded by the cDNA clone contained in ATCC Deposit No. 97798. 

11. An isolated nucleic acid molecule comprising a polynucleotide which hybridizes 
under stringent hybridization conditions to a polynucleotide having a nucleotide sequence 
identical to a nucleotide sequence in (a), (b), (cj, or (d) of claim 1 wherein said polynucleotide 
which hybridizes does not hybridize under stringent hybridization conditions to a 
polynucleotide having a nucleotide sequence consisting of only A residues or of oniv T 
residues. 

12. An isolated nucleic acid molecule comprising a polynucieoude which encodes 
the ammo acid sequence of an epitope-beanng portion of a TRID polypeptide having an amino 
acid sequence in (aj. (b). (c) or (d i of claim 1. 



^7 
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13. The isolated nucleic acid moiecule of claim 12. which encodes an 
epitope-bcaring pomon of a TRID polypeptide comprising ammo acid residues selected from 
the group consisting of: from about Gln-42 to about Giu-52 in Figure 1, from about His-58 to 
about Cys-66 in Figure 1. from about Pro-68 to about Thr-76 in Figure 1, from about Ser-79 
to about Cys-85 in Figure I, from about Cys-91 to about Thr-102 in Figure 1, from about Gin- 
1 10 to about Pro-122 in Figure L from about Arg-126 to about Va]^136 in Figure 1, and from 
about Thr-142 to about Giu-14S in Figure 1. 

14. A method for making a recombinant vector comprising inserting an isolated 
nucleic acid molecule of claim 1 into a vector. 

15. A recombinant vector produced by the method of claim 14. 

1 6. A method of making a recombinant host cell comprising introducing the 
recombinant vector of claim 15 into a host cell. 

17. A recombinant host cell produced by the method of claim 16. 

18. A recombinant method for producing a TRID polypeptide, comprising cuituring 
the recombinant host cell of claim 17 under conditions such that said polypeptide is expressed 
and recovering said polypeptide. 

19. An isolated TRID polypeptide comprising an amino acid sequence at lca.st 959c 
identical to a sequence selected from the group consisting of: 

(a) the amino acid sequence of a full-length TRID polypepnde having the complete 
amino acid sequence shown in SEQ ID N0:2, or as encoded by the cDNA clone contained in 
ATCC Deposit No. 97798; 

(b) the amino acid sequence of a mature TRID polypeptide having the amino acid 
sequence at positions 1-233 in SEQ ID NO:2. or as encoded by the cDNA clone contained m 
ATCC Deposit No. 97798; or 

(c) the amino acid sequence of a soluble extracellular domain of a TRID polypeptide 
having the ammo acid sequence at positions 1 to 216 in SEQ ID NO:2, or as encoded by the 
cDNA clone contained in ATCC Deposit No. 97798. 
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20. An isolated polypeptide comprising an epitope-bearmg portion of the TNR< 
protein, wherein said poition is selected from the group consisting of a polypeptide comprising 
amino acid residues: from about Gln-42 to about Giu-52 in Figure L from about His-58 to 
about Cys-66 in Figure 1, from about Pro-68 to about Thr-76 in Figure 1 , from about Ser-79 
to about Cys-85 in Figure 1, from about Cys-91 to about Thr-102 in Figure 1, from about Gin- 
1 10 to about Pro- 122 in Figure 1, from about Arg-126 to about Val-136 in Figure 1. and from 
about Tiir-142 to about Glu-148 in Figure 1. 

21. An isolated antibody that binds specifically to a TRID polypeptide of claim 19. 

22. A method for treating a patient in need of TRID polypeptide activity compnsme 
administering to said patient a therapeutically effective amount of the polypeptide of claim 19. 
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Fisriire 1 



CCTCTCCACGCGCACGAACTCAGCCAACGATTTCTGATAGATTTTTGGGAGTTTGACCAG 
AGATGCAAGGGGTGAAGGAGCGCTTCCTACCGTTAG-GGA^^CTCTGC-GGACAGAGCGCCCC 
GGCCGCCTGATGGCCGAGGCAGGGTGCGACCCAGGACGCAGGACGGCGTCGGGAACCATA 
CCATGGCCCGGATCCCCAAGAGCCTAAAGTTCGTCGTCGTCATCGTCGCGGTCGTGCTG-^ 



n t R I P K T i. K " V V V r V A V r, t, v> 

CAGTCCTAGCTTACTCTGCCACCACTGCCCGGGAGGAGGAAGTTCGCCAGCAGACAGTGG 
i: L A Y S ^ TTARQEEVPQQTVA 

CGCCACAGCAA.CAGAGGCACAGCTTCAAGGGGGAGGAGTGTCCAGCAGGATCTCATAGAT 
PQQQRHSFKGEECPAGSKRS 

CAGA^CATACTGGAGCCTGTAACCCGTGCACAGAGGGTGTGGATTACACC.aji.CGCTTCCA 
Z K T G A C N P C T E G V D Y T N A S N 

ACAATGAACCTTCTTGCTTCCCATGTACAGTTrGT.2U^A.TCAGATCAAAAJ\CATA.2UU\G 
N E ? S C F ? C T V C K S D Q K H S S 

CCTGCACCATGACCAGAGACACAGTGTGTCAGTGTAAAGAAGGCACCTTCCGGa_A.TGAAA 
CTMTRDTVCQCK EGTFRNEN 

ACTCCCCAGAGATGTGCCGGAAGTGTAGCAGGTGCCCTAGTGGGGAAGTCC.A.aGTCAGTA 
SPEMCRKCSRCPSGEVQVSN 

ATTGTACGTCCTGGGATGATATCCAGTGTGTTGAAGAATTTGGTGCCAATGCCACTGTGG 
CTS WDDIQCVEEFGANATVE 

AAACCCCAGCTGCTGAAGAGAC2>J^.TGAACACCAGCCCGGGGACTCCTGCCCCAGCTGCTG 
TPAAEETMNTSPGTPAPAAE 

AAGAGACAATGAACACCAGCCCAGGGACTCCTGCCCCAGCTGCTGAAGAGACAii.TGACCA 
ETMNTS PGTPAPAAEETMTT 

CCAGGCCGGGGACTCCTGCCCCAGCTGCTG.z^SlGAGAC.^^^TGACCACCAGCGCGGGGACTC 
SPGTPAPAAEETMTTSPGTF 

CTGCCCCAGCTGCTG^^J^GAGACAi^.TGAGCACCAGCCGGGGGACTCCTGCCTCTTCTCATT 
APAAEETMTTSPGTPASSHY 
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Fig-azre 1 (continued) 

acctctcatgcaccatcgtagggatcatagttcta^.ttgtgrttctgattgtgtttgttt 
l s c t i v g i i vl i v l l i v r v*'* 

gaaagagttcactgtggaagaaj^ttccttccttaggtga;^aggttcaggtaggcgctggc 

T GAGGGGGGGGGGGGCTGG AC ACTCTCTGCCGTGGCTCCCTCTGGTGTGTTGCC AG AG AC 

agaaacgcgtgcccctgccccaagtcctggtgtctcgagcctggctctatcttcctcctt 
gtgatcgtcccatccccacatcccgtgcaccccccaggaccctggtctca.tcagtccctc 
tcctggagctgggggtccacacatctcccagccaagtcgaagaggcagggccagttcctc 
ccatcttcaggcccagccaggcagggggcagtcggctgctcaactgggtgacaji.gggtga 
ggatgagaagtggtcacgggatttattcagccttggtgagagcag;^-ACacagagattttc 

GGTGAAAAAiiJ^J^. 
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